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ABSTRACT
As anthropogenic warming continues it is important to assess responses in the climate
from the climatologically significant West Pacific Warm Pool (WPWP). The warm
waters in the WPWP modulate atmospheric convection and rainfall including in the
rainfall band known as the South Pacific Convergence Zone (SPCZ). However, these
interactions are not fully understood. This study aims to investigate whether corals from
the Lau Lagoon seascape, Malaita Province, Solomon Islands, within the WPWP/SPCZ
region can be used to extend WPWP/SPCZ climate records and thereby improve
understanding of these climate ‘cogs’. Two modern coral samples that span up to twelve
years of climate data from the north and south of Lau Lagoon were used to reconstruct
present-day variability of the climate and test if the corals are accurate recorders of the
local and regional climate. The coral samples were analysed for Sr/Ca to investigate the
corals’ potential to record SST variations, luminescence for run-off changes and density
to investigate the corals’ growth. Investigations of available instrumental datasets showed
that the climatic conditions of Lau Lagoon and the wider regional area had low SST
variability and strongly seasonal wind patterns. Comparisons of IGOSS SST grids, tidal
data and bathymetry show that Lau Lagoon is an open lagoon that retains an open ocean
signal. The coral Sr/Ca results showed a significant but weak relationship with SST (p =
<0.01, R2 = 0.32 and p = <0.01, R2 = 0.23). Calibration equations for each coral Sr/Ca
with SST were similar, therefore a site-specific calibration equation for Lau Lagoon was
developed: Sr/Ca = -0.045 x SST + 10.14. This calibration equation is similar to a
composite of southwest Pacific coral calibration equations. Luminescence results showed
that the coral from the northern end of Lau Lagoon had a strong runoff signal.
Luminescence peaks in the northern coral have a significant and moderate positive
relationship with IGOSS SST (R2 = 0.4, p = <0.01), suggesting runoff events in Lau
Lagoon occurs during warmer SST, which generally occur in the wet season from
September to March. The Lau Lagoon coral had a similar Sr/Ca-SST response to IGOSS
SST to ENSO events. The luminescence recorded less runoff during the 2015/2016 El
Niño, one of the largest El Niño events in the instrumental record. The 2010/2012 La
Niña had a weaker signal in the Lau Lagoon Sr/Ca-SST, however luminescence in the
northern core showed an increase of runoff. In conclusion, the Lau Lagoon Sr/Ca-SST
and luminescence do appear to track climate events and changes within the WPWP,
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however ground-truthing of the modern coral signal could be refined by repeat analysis
and analysis of other available modern cores from Lau Lagoon.
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CHAPTER 1. INTRODUCTION
Climate drivers in the southwest Pacific modulate rainfall and temperatures causing
severe storms, floods and droughts. This adversely impacts water and food sources along
with management and security in locations where rainfall can be the only available source
of potable water. As anthropogenic warming causes the composition of the atmosphere
and oceans to change, it is increasingly important to understand the movements and
interactions of climate ‘cogs’, namely, the El Niño Southern Oscillation (ENSO), the
South Pacific Convergence Zone (SPCZ) the West Pacific Monsoon (WPM) and the West
Pacific Warm Pool (WPWP) among others (CSIRO, 2011a; Ganachaud et al., 2014), and
what this may mean for water availability in the southwest Pacific. Understanding how
these climate cogs may interact and change in the future can be improved by looking into
their past behaviours. However, due to a lack of consistent records in the southwest
Pacific there is limited comprehension of these climate drivers.
One such region with limited climate data and potential to improve understanding of
broader tropical climate is the Solomon Islands. The Solomon Islands is a composite of
nine island provinces located within latitudes of 5°S and 13°S and longitudes of 155°E to
169°E. Meteorological observations from the Solomon Islands are predominately based
on air temperatures and rain gauges from Honiara, the nation’s capital, and to a lesser
extent Lata, located near 10°S and 165°E (CSIRO, 2011a). These records have been used
to extrapolate trends and interactions of various tropical regional climate ‘cogs’ (e.g.
SPCZ, ENSO etc.) (CSIRO, 2011a). However, many islands in the Solomon Islands have
complex topography and oceanography, which produce microclimates that may overprint
regional signals with local rainfall and temperature variability (CSIRO, 2011a). As a
result, climate data from the Solomon Islands may not be accurately representing the
regional climate ‘cogs’.
A potential study location within the Solomon Islands, less hindered by complex
topography, is Lau Lagoon; located in the northeast of the Solomon Islands. Lau Lagoon
has open ocean to the east and, without the surrounding complex topography, may not
present a microclimate and could potentially record a more representative regional signal.
Presently, there is no local climate data from Lau Lagoon.
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This study aims to determine whether corals from Lau Lagoon are reliable recorders of
regional climate, and by extension, variability in the southwestern Pacific climate drivers.
Skeletons of massive corals record information pertaining to the ambient sea surface
temperatures and rainfall as they grow. As a first step, this thesis investigates instrumental
data to assess whether Lau Lagoon is representative of a broader regional climate signal.
Then, coral geochemical and growth records are investigated to assess whether the
modern corals record climate variability. This study will focus on two coral proxies, 1)
the ratios of strontium and calcium (Sr/Ca) that have an inverse relationship with
surrounding sea surface temperatures (SST) (Alibert and McCulloch, 1997; Smith et al.,
1979; Weber, 1973); and 2) luminescence banding that has been suggested to indicate
runoff and rainfall events (Isdale, 1984; Lough, 2011b; Scoffin et al., 1989).
The coral used for this research was collected from artificial islands in Lau Lagoon off
the

island

province

of

Malaita.

These

artificial

islands

offer

an

unique

palaeoclimatological opportunity as they have been built out of massive hermatypic coral
heads over the last 300 – 400 years (Heorake 2018, pers. comm.). The corals that are the
foundation of these islands have the potential to offer near continuous insight into oceanatmospheric processes in the southwest Pacific for that timespan. Lau Lagoon is in the
region impacted by ENSO, SPCZ, WPM and the Madden Julian Oscillation (MJO).
Therefore, Lau Lagoon has the potential to expand the climate record and be a prime
location to study these climate drivers.
Should the fidelity of the Lau Lagoon coral to record a regional climate signal be proven,
future studies would then be able to analyse the Lau Lagoon fossil cores to provide
interannual and interdecadal climate and paleoceanographic data for the southwest
Pacific.
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CHAPTER 2. BACKGROUND
This study investigates climate variability recorded in corals collected from Lau Lagoon,
Solomon Islands. Lau Lagoon is located in the northeast corner of the Malaita Island
(Figure 1). The lithology of the Solomon Islands is predominantly Cretaceous basalt
which formed two island archipelagos that strike NW-SE. The basalt comprising the
island province Malaita, has been geochemically proven to share the same composition
as the Ontong Java Plateau terrain. Malaita was likely formed around 122 Ma through
plutonism and accretion of the Ontong Java Plateau Basalts (Petterson et al., 1997). The
northern half of Malaita is characterised by a topographic ridge rising to 975 m (Moore,
2017). Lau Lagoon has a 35 km long coastline which consists of fringing reefs and
lagoons. Lau Lagoon is a unique location characterised by artificial islands that have been
built out of massive coral heads by the Wane’i’asi (Figure 2). The islands are constructed
by the local peoples collecting nearby coral heads and building them into the foundation
of their islands. Oral traditional stories suggest that construction of these islands
commenced 300 – 400 years ago (Heorake 2018, pers. comm.). As such these islands
provide a unique opportunity to paleoclimatology as the modern and fossil corals heads
that are used to build these islands could provide insight into the local and regional climate

Figure 1 Map of the southwestern Pacific showing the location of Lau Lagoon and Auki on the island of
Malaita and Honiara (the nation’s capital) on Guadalcanal.
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conditions over the past 300 – 400 years. The thesis aims to explore the eastern waters
off the Solomon islands and the climate
signals that might contribute to the
SPCZ and other climate cogs.
The

Solomon

oceanographically

Islands
located

are
in

the

WPWP, which is dynamically linked to
variability in ENSO and the position of
the SPCZ (Figure 3). Thus, the SST and
rainfall in the Solomon Islands are
thought to be modulated by the SPCZ,
Intertropical Convergence Zone (ITCZ),
ENSO and intra-annual phenomena
such as the MJO and cyclones (CSIRO,
2011a), and have the potential to provide
insight into global and regional climate
drivers. This chapter will provide a brief
review of each of the climate drivers
influencing the Solomon Islands climate
and how they interact with one another.
The chapter will discuss Lau Lagoon
locale and climate setting, will introduce
how corals are used to reconstruct
climate, and summarise findings from
southwest Pacific coral Sr/Ca records.

2.1
Interannual
Drivers

Climate

Figure 2 Photos taken in Lau Lagoon. Top: Aneka Island,
where the northern coral sample, near which LU024-1A
and LU023 was collected. Middle: an artificial island
showing the rock wall built out of massive coral heads.
Bottom: central Lau Lagoon showcasing numerous
artificial islands.

2.1.1 West Pacific Warm Pool
The West Pacific Warm Pool, also known as the Indo-Pacific Warm Pool, is a large
section of ocean in the tropical west Pacific where SSTs are persistently above 28°C. The
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year round warm SSTs produce large amounts of atmospheric convection and rainfall that
contribute to climate cogs, leading the WPWP to be named the ‘heat engine’ of the world
(Abram et al., 2009; De Deckker, 2016; Yan et al., 1992). The warm SSTs in the WPWP
are maintained by south-easterly trade winds pushing equatorial warm waters to the
WPWP (Figure 3). The large scale atmospheric convection produced by the WPWP
contributes zonally to the Walker Circulation and meridionally to the Hadley Cell
(Webster et al., 1999). Furthermore, the movements and strength of the WPWP are linked

Figure 3 Map of SST from HadISST gridded dataset of the WPWP in the Pacific and Indian ocean.
A) SST during 1900 to 1980 with Lau Lagoon indicated (red circle) b) SST during 1981 to 2018
with Lau Lagoon indicated (red circle) Source: (Roxy et al., 2019)

to the magnitude, location and size of WPM, MJO and ENSO (discussed in later sections)
(Griffiths et al., 2016; Yin et al., 2020).
Throughout the year, the size and location of the WPWP fluctuate seasonally. In January
the WPWP reaches its most reduced size and reaches its southernmost meridional latitude
during February. In September the WPWP expands and shifts to its northernmost latitude
(Gan and Wu, 2012). SST in the WPWP remain relatively stable year round however
variation is seen in the sea surface salinities (SSS) due to movements and intensity of
monsoons, cyclones, the position of the ITCZ and runoff events (De Deckker, 2016).
Throughout the anthropocene, coral proxy records, gridded instrumental measurements
and satellite evidence show that the WPWP is expanding, warming and freshening
(Abram et al., 2009; Roxy et al., 2019; Weller et al., 2016; Wu et al., 2013). Between
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1900 to 2018, the WPWP has expanded at a rate of 2.3 x 105 km2/year and in the last 37
years, between 1981 and 2018 the WPWP growth accelerated to 4 x 105 km2/year (Figure
3) (Roxy et al., 2019). Satellite observations indicate that the expansion of the WPWP is
asymmetric, with the Indian Ocean side expanding at a faster rate and scale than the
Pacific Ocean side (Weller et al., 2016; Yin et al., 2020). Changes to the magnitude and
intensity of the WPWP are important to monitor given the flow on effects that the WPWP
has on the global moisture budget. During this 1900 – 2018 period from Roxy et al. (2019)
the Solomon Islands are consistently within the WPWP SST bounds during the wet
season (Figure 3). Therefore, the Solomon Islands have an opportunity to provide a
‘baseline’ of data from within the WPWP over time.

2.1.2 El Niño Southern Oscillation (ENSO)
ENSO is a coupled atmospheric-oceanic phenomena that spans across the Pacific Ocean.
The ocean portion of ENSO, El Niño, was first recorded in the 1800’s by Peruvian
fishermen who noticed that some years around Christmas fish stocks would be scarce
(Wang et al., 2017). The atmospheric component of ENSO, the Southern Oscillation, was
later discovered in the 1920’s by Gilbert Walker who documented a seesawing of
atmospheric pressure between Darwin and Tahiti, this is now known as the Southern
Oscillation Index (Walker and Bliss, 1932). Bjerknes connected the oceanic and
atmospheric components of ENSO in 1969 (Bjerknes, 1969). After a particularly
disruptive ENSO event in 1982, the TAO/TRITON buoy array (Figure 4) was planned

Figure 4 TAO/TRITON buoy array (squares and triangles) across the Pacific basin and the location of
Lau Lagoon (red circle). Source: (Freitag et al., 2003)
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and installation by 1994 in
the Pacific Ocean to provide
in

situ

observations

of

ENSO events (McPhaden et
al., 1999).
In neutral conditions that
are outside of ENSO events,
there

is

a

gradient

temperature
across

the

equatorial Pacific Ocean
with warm waters in the
west (the WPWP) and
cooler waters in the east
known

as

the

tongue’(Figure

‘cold

5a).

The

cold tongue forms by the
Humboldt

current

supplying deep and cool
rich waters from Antarctica
into the equatorial eastern
Pacific

(Tomczak

and

Godfrey, 2002; Wang et al.,
2017).

The

westerly

propagation of the trade
winds cause deep, cool
Antarctic waters to upwell
in the eastern equatorial
Pacific in tandem with
pooling the warm equatorial
waters in the WPWP (Wang
et

al.,

2017).

In

the

atmosphere, the convection

Figure 5 El Niño Southern Oscillation sourced from the Bureau
of Meteorology. a) Normal Conditions b) El Niño conditions and
c) La Niña conditions

above the WPWP rises and
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flows to the east Pacific before downwelling near South America forming a high pressure
zone (Figure 5a) (CSIRO, 2011b; Wang et al., 2017). At the surface levels the trade winds
carry this wind to the west, the trade winds and the pressure systems form the Walker
Circulation.
ENSO events occur when the neutral SST gradient and the Walker Circulation is altered
resulting in a movement of warm water and pressure systems across the Pacific. In an El
Niño event (Figure 5b), anomalous warm waters in the east equatorial Pacific cause a
reduction in the SST gradient across the Pacific basin, weakening the trade winds and by
extension the Walker Circulation. The lack of consistent southeast trade winds allows the
warm water from the WPWP to slump eastward across the Pacific taking with it the
atmospheric low-pressure system that normally resides above Indo-Australia. The shift
of the low pressure system enables a high pressure system above Indo-Australia,
increasing the chances of droughts and fires. The low pressure system is pushed toward
the eastern Pacific providing an increased chance of rainfall to the central east Pacific. El
Niño Modoki or Central Pacific El Niño (CP El Niño) occur when the low pressure system
is pushed to the central Pacific. In comparison to the canonical El Niño, CP El Niño
differs in location and intensity with westerlies wind covering a smaller area and located
further toward the central Pacific (Freund et al., 2019; Kao and Yu, 2009). Recent
evidence has determined that over the last four centuries CP El Niño are becoming
increasingly more common (Freund et al., 2019). A canonical La Niña occurs when the
trade winds strengthen and draw across cool water from the cooler east Pacific to central
and the western Pacific and enhance the pooling of the warm equatorial waters into the
WPWP (Figure 5c). The expansion of the WPWP increases convection which
subsequently provides more cloudiness, rainfall and potential flooding in the west Pacific.
Once the Walker Circulation is respectively weakened/strengthened in an El Niño/La
Niña a negative/positive feedback loop further reduces/increases the Pacific basin SST
gradients (Wang et al., 2017). The positive and negative feedback loops in ENSO events
are known as the Bjerknes Feedback (Bjerknes, 1969; Gill, 1980; Wang et al., 2017).
ENSO events are naturally oscillatory or stochastically triggered and no two El Niño or
La Niña events are the same. Where ENSO was originally regarded as a La Niña and El
Niño dichotomy it is now increasingly being discussed as having various ‘flavours’ and
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as a ‘sliding scale’ across the Pacific (CSIRO, 2011b; Freund et al., 2019; Wang et al.,
2017). The ENSO response to climate change is debated, with some studies suggesting a
strengthening of Pacific basin SST gradients due to enhanced upwelling in the east
(Clement et al., 1996) and others suggesting a weakening of SST gradients and the Walker
Circulation (Vecchi et al., 2006). The effect ENSO events have in Lau Lagoon and the
Solomon Islands is discussed in Chapter 2.2.

2.1.3 The Intertropical Convergence Zone and the South Pacific
Convergence Zone
Convection and precipitation in the tropical Pacific Ocean occur in two main bands; the
ITCZ and the SPCZ (Figure 6). The ITCZ, known as the meteorological equator, occurs
where trade winds from the northern and southern hemisphere converge causing
increased convection (Figure 6) (CSIRO, 2011a; Lough et al., 2016). Throughout the year
in the Pacific the ITCZ shifts between 4°N and 10°N. However, during intense El Niño
events the ITCZ will shift into the Southern Hemisphere (Zhao and Fedorov, 2020). The
ITCZ lies closest to the Solomon Islands during the wet season and weakens during
January to March (CSIRO, 2011a; Lough et al., 2016).
The SPCZ branches off the ITCZ in the WPWP and strikes northwest to southeast from
the Solomon Islands to the Cook Islands (Figure 6) (CSIRO, 2011b). The SPCZ is a
monsoonal trough characterised by large SST gradients, convergence and subsequent
cloud cover. The SPCZ is frequently broken up into a zonal component in the northwest
and a diagonal component in the southeast. The Solomon Islands is located under the
zonal component. The SPCZ is persistent year round however, the zonal component is
most active during austral summer when the SPCZ rainfall maximum shifts south (Harvey
et al., 2019; Linsley et al., 2008; Wu et al., 2013). The SPCZ as a whole is most active
and strongest during the wet season (November – April) when the WPM peaks and
regional SSTs are the warmest (CSIRO, 2011a; Lough et al., 2016).
Satellite imagery and coral oxygen isotopes have shown that on an interannual scale the
SPCZ shifts with ENSO (Juillet-Leclerc et al., 2006). During an El Niño event when the
WPWP contracts and the SPCZ is shifted northeast, whereas during a La Niña event the
SPCZ shifts southwest (Folland et al., 2002; Harvey et al., 2019; Linsley et al., 2008).
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Intra-annually the MJO has also been seen in satellite images to have an effect on in the
SPCZ (Haffke and Magnusdottir, 2013). When the MJO is in phase six and seven, when
enhanced rainfall occurs over the west Pacific and the Solomon Islands (See Intra-Annual
Weather), the SPCZ shifts south and expands eastward (Haffke and Magnusdottir, 2013).

Figure 6 Map of the tropical western Pacific showing average position of the WPWP, ITCZ and SPCZ
(blue shading) and associated winds (yellow). The Location of Lau Lagoon is indicated (red circle).
Source: Australian Bureau of Meteorology and CSIRO

2.1.4 Intra-annual weather drivers
The three main influences on intra-annual weather in the southwest Pacific are the MJO,
WPM and cyclogenesis. The MJO is an eastward moving pulse of winds, cloud and rain.
The MJO occurs on a frequency between 30 – 60 days. The MJO can cause variability in
weather conditions brought by the WPM, ENSO, SPCZ and tropical cyclones. (Roxy et
al., 2019). The MJO comprises of two opposing phases that move around the planet. The
first phase is characterised by enhanced convection and rainfall and the second by
suppressed convection and rainfall (Zhang, 2005). This dipole of convection and rainfall
moves east across the globe and depending on its geographical location in the tropics is
defined into 8 phases (Zhang, 2005). An increase of rainfall occurs over the southwest
Pacific during phases 5 – 8. The warming of the WPWP between 1981 to 2018 shows
that the MJO has increased its residence time over the tropical west Pacific and the
maritime continent at the expense of the Indian Ocean (Roxy et al., 2019).

10

The WPM is the southern extension of the Asian-Australian Monsoon. During austral
summer, the WPM shifts from the Northern Hemisphere over the southwest Pacific
(CSIRO, 2011b). In the Solomon Islands, the WPM is most active from January to March
and during this time the maximum annual rainfall occurs in Honiara (CSIRO, 2011a).
The WPM is characterised by an increase in rainfall variability and a reversal of winds to
low-level westerly winds (Brown et al., 2013). The changes in wind strength or direction
that define the WPM originate from the contrast of temperatures across the land and sea
during summer in equatorial regions (Lough et al., 2016). The seasonal change in this
temperature contrast causes a reversal in atmospheric pressure and resultant westerly air
flow (CSIRO, 2011b). The timing of the onset of the WPM is modulated by the presence
of MJO and ENSO events (Lough et al., 2016). For example in the Solomon Islands, an
El Niño event will delay the peak of the WPM to February (CSIRO, 2011a). Models
project that in the Solomon Islands interannual variability of rainfall from the WPM will
increase in a warmer climate (Brown et al., 2013).
Tropical cyclones occur frequently in the southwest Pacific and impact the Solomon
Islands in a devasting manner (Maru et al., 2018). Cyclones form over SST above 26° C
and where unstable convection exists (Nakano et al., 2017). Cyclogenesis is influenced
by the shifts and position of the SPCZ, and variations in ENSO and the MJO (Chand and
Walsh, 2010; Maru et al., 2018; Vincent et al., 2011; Zhang, 2005). The location of the
SPCZ modulates tropical cyclogenesis as the area 10°S of the SPCZ provides conditions
favourable for cyclogenesis with warm SSTs and convective atmospheric conditions
(Haffke and Magnusdottir, 2013; Vincent et al., 2011). ENSO variability also modulates
the occurrence and intensity of tropical cyclones. For example El Niño events shift the
mean position of the SPCZ northwards also shifting northwards the >26°C waters
conducive to cyclogenesis (Iizuka and Matsuura, 2012; Maru et al., 2018). During La
Niña events, cyclogenesis mostly forms below 10°S and Lau Lagoon (located at 8.5°S)
based on the statistical analysis of tropical cyclones from 1986 to 2016 which found it
very rare for cyclogenesis occur between the equator and 10°S (Maru et al., 2018). The
MJO cycle is a third major factor controlling cyclogenesis. An increase of cyclogenesis
in the Solomon Islands is seen when the enhanced phase of convection and rainfall from
the MJO is in phase 6 – 8 (above the southwest Pacific). However, it is worth noting that
cyclones have been generated in all MJO phases but more frequently in phase 6-8 (Maru
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et al., 2018). The above mentioned climate ‘cogs’ can occur simultaneously causing
intensified tropical cyclones. An example of this is Cyclone Pam that developed in March,
2015 and occurred during an MJO convective phase 6 and an El Niño event (Nakano et
al., 2017). A statistical analysis of tropical cyclones in the Solomon Islands from 1986 to
2016 showed an overall decrease in the number of tropical cyclones but an increase of
the intensity of the tropical cyclones (Maru et al., 2018).

2.2 Climate drivers and available climate data in the Solomon
Islands
Instrumental climate data in the Solomon Islands is limited. There are six rainfall and air
temperature observation stations in the Solomon Islands. In situ SST observation stations
are non-existent in the Solomon Islands (CSIRO, 2011a). Based on SST data from the
following global gridded datasets: HadISST, HadISST2, ERSST and Kaplan extended
SST V2 (CSIRO, 2011a), monthly air temperatures were compared to sea surface
temperatures and considered to be “closely linked”. There is a concern that these rainfall
and observation stations may represent a microclimate signal rather than the larger
regional climate signal (CSIRO, 2011a). Most relevant to this study is the observation
station in Auki, on the west coast of Malaita, where air and rainfall temperatures are
provided up to 2013 from the Australian Bureau of Meteorology (Figure 1). The island
province Malaita has a topographic rise through the middle of the island that could
produce an orographic effect. Therefore, depending on the wind direction, air
temperatures and rainfall in both Auki and Lau Lagoon may be under the influence of a
rain shadow which could give rise to a decoupled signal between Auki and Lau Lagoon.
The weather in the Solomon Island region is predominately characterised by the wet and
dry season; the wet season generally occurs from November to April and the dry season
from May to October (CSIRO, 2011a). The indigenous names for these seasons are
Komburu and Ara, based on the prevailing wind direction of the trade winds with southeasterly winds dominant in the dry season and north-westerly monsoon winds occurring
in the wet season (CSIRO, 2011a) . During the wet season, an El Niño and El Niño
Modoki cause an increase in air temperatures due to the lack of cloud cover enabling an
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increase in solar radiation (CSIRO, 2011a). El Niño Modoki yields a slightly weaker input
to the ocean temperatures than the canonical El Niño (CSIRO, 2011b). During a La Niña
events, ocean temperatures are generally warmer, however due to the increase in cloud
cover they can also be cooler (CSIRO, 2011a). During an El Niño event, cooler waters
occur in the Solomon Islands due to the weakening of southeast trade winds supplying
the area with warm equatorial waters. The opposite occurs during a La Niña event with
the southeast trade winds strengthening and supplying the Solomon Islands with warmer
waters (CSIRO, 2011b).
Interannually ENSO events have a significant effect on the quantity of rainfall in the
Solomon Islands (CSIRO, 2011a). The WPM occurs during the wet season and increases
rainfall during January to March alongside with the occurrence of the MJO (CSIRO,
2011a). During an El Niño event the WPM is delayed until January or February due to a
weaker and/or displaced SPCZ and ITCZ. This can cause drier conditions during the wet
season in the Solomon Islands. El Niño Modoki causes slightly less but still significant
influence on the rainfall during the Wet Season. La Niña events generally provide above
normal rainfall quantities (CSIRO, 2011a).
The air temperatures in Honiara are generally stable year round with a slight decrease in
austral winter due to cooler wind originating from the south (CSIRO, 2011a). As no SST
observations are recorded in the Solomon Islands it is not known what the intra-annual
SST variation is like. However, based on gridded global data sets (HadSST2, ERSST and
Kaplan Extended SST V2), SSTs are recorded to have gradually risen by 0.12°C per
decade between 1950 and 2000 (CSIRO, 2011a). A month by month break down of the
climate cogs that impact the Solomon Islands is provided in Appendix 1.
Rainfall strongly varies interannually, a wet year can provide twice the amount of rainfall
as a dry year (CSIRO, 2011a). According to data from the Honiara International Airport,
65% of the mean total annual rainfall occurs during December – April. Compared to the
29 years before hand, the segment of time from 1977 – 1995 recorded a reduction in
precipitation (Maupin, 2014). These comparatively drier decades correspond to a more
north-easterly lying SPCZ and subsequent reduction of cloud coverage above Honiara
(Maupin, 2014). Many communities rely on the rainfall provided by the wet season for
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agriculture, household use and potable drinking water (Maupin et al., 2014). The wet and
dry seasons are commensurate with many interannual and intra-annual climate ‘cogs’
such as the WPM, SPCZ, ITCZ, ENSO and the MJO (See discussion above) (CSIRO,
2011a; Lough et al., 2016). However, regional meteorology in the Solomon Islands is
complex and convoluted due to many topographic and orographic features creating
microclimates. As such complex regional and local climatology combined with a paucity
of data makes it difficult to interpret long term trends (CSIRO, 2011a).
Being open ocean facing, it would be considered that Lau Lagoon would register these
ocean temperature changes without being perturbed by a microclimate. Supporting this
hypothesis is the observations that Lata, located further east (165°38’E), seem to feel the
impact of ENSO events more so than in Honiara (159°56’E) (CSIRO, 2011a). Therefore
Lau Lagoon, also located in the east, has the potential to record a more regional open
ocean signal. Based on wider southwest Pacific observations, the regional signal at Lau
Lagoon would record cooler SSTs and drier conditions during an El Niño event and wetter
conditions during a La Niña event (Maupin, 2014). Two notable ENSO events have
occurred during the timespan of 2006 – 2018. A significant La Niña event in 2010-2011
and a significant El Niño event in 2015-2016.

2.2.1 Oceanography
The ocean circulation around the Solomon Islands is complex and understudied
(Ganachaud et al., 2014). The Solomon Sea is host to the connection of equatorial and
subtropical circulation and has the highest sea level anomalies in the equatorial Pacific
(Melet et al., 2010). Ultimately, water flow into the Solomon Islands is characterised by
the movements of the South Equatorial Current (SEC) promoted by the southeast trade
winds from 2°N to 30°S producing western boundary currents along the Solomon Islands
Island chains and New Ireland (Mélet et al., 2010). The SEC interaction with the Solomon
Islands and New Ireland produces an equatorward return flow through the theorised
Solomon Island Coastal Undercurrent (SICU) and the previously observed New Ireland
Coastal Undercurrent (Mélet et al., 2010). Models include these western boundary
currents in the Solomon Islands to contribute to the Equatorial Undercurrent (EUC)
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(Mélet et al., 2010). The circulation around the Solomon Islands fluctuates seasonally and
revolves around the location and strength of the SEC and the EUC (Figure 7).

Figure 7 Map of the southwest Pacific current regime. Highlighting the South Equatorial
Current (SEC) in white that is promoted by the southeast trade winds. The Equatorial
Undercurrent (EUC) is shown in white. The South Equatorial Counter Current (SECC) Is
shown in orange and promoted by the northwest Monsoons. Source: (Steinberg, 2007).
Lau Lagoon is shown by the red circle.

While there has been no direct study on water circulation from the east coast of Malaita
and Lau Lagoon, studies have focused on the Solomon Sea and surrounding circulation.
Seasonal and interannual fluctuations of circulations near Lau Lagoon and the east coast
of Malaita are inferred mostly from Mélet et al. (2010) (Appendix 2). The source of water
supply from ocean currents during austral summer to Lau Lagoon is more variable during
austral summer caused by the variability of the northwest monsoon (Jupiter et al., 2019).
The EUC is at its seasonal minimum during this period and water reaching the east coast
of Malaita comes from the southeast, potentially from the seasonally strengthened North
Vanuatu Jet (NVJ) which is the result of the bifurcation of the SEC on the northern tip of
Vanuatu (Mélet et al., 2010). During austral autumn, the NVJ weakens and the SEC is
strengthened which suggest a weakening of the SICU and a more southward flow along
the east coast of Malaita (Mélet et al., 2010). From May to June, entering austral winter,
the SEC shifts south following the basin wide southward shift of the southeast trade winds
(Mélet et al., 2010). Where models show that water arriving at Malaita is coming more
directly coming from the northwest due to the closer bifurcation of the SEC. Exiting
austral winter from August to October water inflow to the east coast of Malaita is regarded
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to come from the east directly from the SEC (Mélet et al., 2010). At an interannual scale
these sea level anomalies are connected to ENSO mechanisms (Melet et al., 2010).
The potential of 400 years of data in the WPWP provides further research opportunities.
One such example would be to use the information that the coral provides on the ambient
sea surface conditions to track the expansion and contraction of the WPWP alongside
ENSO and SPCZ variability. Although, when investigating a new location, a good cross
check is to analyse and assess a modern coral first to address how robust the coral is as a
paleothermometer. As there is no universal calibration of coral Sr/Ca to SST site specific
calibration are required. Direct calibration of the modern coral to known sea surface
conditions provides a ‘baseline’ of the corals response to ambient conditions and enables
more insightful analysis. Therefore the modern corals used in this study can vet the fossil
corals. This approach has been used in previous studies and shown that analysis of modern
coral first improves analysis of fossil material from the same area (Alibert and Kinsley,
2008; DeLong et al., 2012; Duprey et al., 2012; Linsley et al., 2006; Zinke et al., 2015).
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2.3 Coral as an Environmental Proxy
Hermatypic Scleractinian corals, such as Porites spp, are used to study climate systems
due to their ability to incorporate geochemical signatures into their carbonate skeleton
that record ambient sea surface conditions at the time of growth (Alibert and McCulloch,
1997; McCulloch et al., 1994). These corals are comprised of symbiotic photosynthetic
algae called zooxanthellae, with the symbiont and host coral operating in a mutualistic
relationship. In this relationship, the zooxanthellae receives shelter from the coral and in
turn provides amino acids and other building blocks with which the coral utilises for
biological functioning and production of a calcium carbonate skeletal framework (Cusack
and Freer, 2008). The skeletal framework is produced in the calcification zone which
resides beneath the living polyp and above the existing aragonitic skeleton. The
production of calcium carbonate (CaCO3) by the coral polyp is termed calcification or
skeletogenesis and is an extracellular process that operates by linking Ca2+ ions and
carbonate anions CO32- (Cusack and Freer, 2008) Through this process other cations such
as Sr2+, Mg2+ and Ba2+ are included in trace amounts into the calcium carbonate skeleton.
These other trace elements have also been used to record temperature and environmental
signals in Porites spp such as Mg/Ca, Ba/Ca and more recently Mg/Li (Chen et al., 2015;
Hathorne et al., 2013a; Hathorne et al., 2013b; Mitsuguchi et al., 1996; Mitsuguchi et al.,
2003). In a similar manner, stable oxygen isotopes are also used to assess the hydrological
cycle of the corals’ location. δ18O values can provide insight into the SST’s, salinity and
precipitation throughout the corals’ lifetime.

2.3.1 Coral as a Paleothermometer through Sr/Ca Geochemistry
Seminal work by Weber (1973) and Smith et al. (1979) found that Sr2+ inclusion has an
inverse linear relationship with SST and can therefore be used to reconstruct SST over
the coral’s lifetime (Alibert and McCulloch, 1997; Beck et al., 1992; Marshall and
McCulloch, 2002; McCulloch et al., 1994). Porites spp. incorporate Sr2+ into their
calcium carbonate (CaCO3) framework by replacing Ca2+, since Sr2+ ions have the same
electronic charge and similar ionic radius (1.31 Å) to Ca2+ ions (1.18 Å) (Speer, 1983).
Due to the long residence times of the Ca2+ and Sr2+ in the ocean of 1.1 x 106 and 5.1 x 106
years respectively, the cations are considered spatially and temporally consistent
(Broecker, 1982; Corrège, 2006; de Villiers et al., 1994) and the variation of Sr/Ca in the
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seawater of tropical and oligotrophic reefs is estimated to be ~0.2%. Although there are
local exceptions, for example upwelling is considered to raise this percentage (de Villiers
et al., 1994; Quinn et al., 2006), the overall relative consistency of Sr2+ and Ca2+
concentrations in the ocean though enables Sr/Ca ratios to be used in paleoclimate studies.
While Sr/Ca is a useful proxy for gauging the in situ ambient SST, there are some effects
that can impact the Sr/Ca ratio of the coral. Diagenesis, growth effects and laboratory
issues can influence the relationship with Sr/Ca and SST.
Diagenesis
Coralline aragonite is susceptible to chemical and physical changes over time in a process
termed diagenesis. As the skeletal framework of coral is not sealed, seawater and debris
can flow into the structure and begin altering the original coral biogenic aragonite. The
metastable coral aragonite can be chemically altered by dissolution, neomorphism,
cementation and void filling (McGregor and Gagan, 2003; True, 2004). Secondary
aragonite (abiogenic aragonite) and secondary calcite (abiogenic calcite) can precipitate
over the original skeleton (biogenic aragonite) and through dissolution and pore-filling
replace the original skeleton (McGregor and Abram, 2008; McGregor and Gagan, 2003;
Sayani et al., 2011). Secondary aragonite and abiogenic calcite have a different partition
coefficient for Sr2+ and other trace elements and as such the relationship between trace
elements, such as Sr/Ca, is influenced causing unreliable Sr/Ca-SST and other
environmental relationships (McGregor and Gagan, 2003; Sayani et al., 2011).
Secondary aragonite results in anomalously low SST because it preferentially increases
Sr/Ca. Typical Sr/Ca ratios of secondary aragonite are between 10.78 – 12.96 mmol/mol
(Allison et al., 2007; Sayani et al., 2011) compared to ranges within 7.9 mmol/mol – 9.4
mmol/mol for coralline aragonite (Allison et al., 2007; Sinclair et al., 1998). The
dissolution of the original aragonite also results in an elevation of Sr/Ca, with an increase
to 10.55 mmol/mol documented (Hendy et al., 2007). Incongruent leaching occurs during
dissolution and has been seen to preferentially affect trace elements in a sequence in the
following order: Mg2+, Ca2+, Sr2+ than UO22+ (Hendy et al., 2007).
In contrast, calcite has the opposite effect causing anomalously low Sr/Ca and subsequent
high Sr/Ca-SST. In Porites spp., 1% of calcite has been recorded to influence Sr/Ca-SST
by 1°C – 1.7°C (Allison et al., 2007; Hendy et al., 2007; McGregor and Gagan, 2003).
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Low-Mg calcite in borings has been documented reducing Sr/Ca values to 6.3 mmol/mol
(Nothdurft et al., 2007). In summary, secondary aragonite and dissolution will produce
low SST anomalies (high Sr/Ca) and abiogenic calcite will deliver high SST anomalies
(low Sr/Ca).
The presence of any of the diagenetic features described above has the ability to alter the
coral geochemical proxies. (McGregor and Abram, 2008; McGregor and Gagan, 2003;
Quinn and Taylor, 2006; Sayani et al., 2011; True, 2004). Although fossil coral is
considered more at risk for diagenesis it has also been found in modern corals and as such
all coral submitted for geochemical analysis should be examined accordingly (Hendy et
al., 2007; Nothdurft and Webb, 2009; Utami and Cahyarini, 2017).

Growth effects
In addition to diagenesis, intra-colony and intra-reef Sr/Ca offsets between corals have
been reported and these results lead to questions over the fidelity of Sr/Ca-SSTs (Alpert
et al., 2016; D'Olivo et al., 2018; de Villiers et al., 1995; DeLong et al., 2011; Linsley et
al., 2006; Sayani et al., 2019). The offsets suggest that the ratio of Sr/Ca incorporated into
the coral’s aragonitic skeleton from the surrounding seawater is not solely in
thermodynamic equilibrium. One parameter that has been explored is the influence of
changing ambient sea salinity on the Sr/Ca-SST relationship (Shen et al., 2005; Sinclair
et al., 1998; Weber, 1973). However, laboratory work specifically on Porites spp. by
Moreau et al. (2015) showed that at a monthly and interannual temporal scale salinity
does not influence the Sr/Ca paleothermometer. Calcification rates have also been
suggested to have an impact on the biomineralization process of Sr2+ (Cohen and Hart,
2004; de Villiers et al., 1994; Goodkin et al., 2007; Maier et al., 2004). However, there
are also arguments for extension rates not having an impact on the corals’ geochemistry
(Allison and Finch, 2004; Hirabayashi et al., 2013). Rapidly growing coral or seasonal
changes in coral growth have also been put forward as being able to influence Sr/Ca
incorporation (Sinclair et al., 2006). Furthermore, the coral polyp may influence the
cation partitioning process, skewing the proxy signal; this has come to be termed ‘vital
effects’ (de Villiers et al., 1995). However, previous understanding of vital effects has
been limited by a lack of understanding of calcification and the biomineralization process
itself.
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There are two main hypotheses that describe the mechanisms for the incorporation of
trace elements in coral skeletons, from which there is an array of overlapping and
contrasting hypothesis on the coral biomineralization process (Allemand et al., 2011;
Corrège, 2006; Cusack and Freer, 2008). The first widely accepted theory for how trace
elements enter the calcification zone is based on physicochemical mechanisms. That is,
biogenic aragonite nucleation is initiated by isolating seawater in the calcification region
within the coral tissue layer (Gagnon et al., 2012). Once isolated, the coral elevates the
saturation state until aragonitic crystals grow (Cohen and Gaetani, 2010; Sinclair, 2015).
The second leading hypothesis regards biomineralization to occur via biologically
mediated mechanisms. This theory considers the calcification site sealed off and that ions
are actively transported through the polyps’ cell membrane ion channels and enzyme
pumps (Marchitto et al., 2018; Meibom et al., 2007).
A culmination of studies growing corals and examining the saturation state of the
calcification fluid has produced one solution to accommodating the polyps biological
control on the Sr/Ca element by factoring in the Rayleigh fractionation of Sr/Ca alongside
other trace element/Ca ratios (Cohen and Gaetani, 2010; Gaetani et al., 2011; Gagnon et
al., 2007; Sinclair, 2015). The Rayleigh fractionation, is an exponential function that
describes the isotopic and elemental fractionation of isotopes and elements that are
sequestered from one ‘batch’ of fluid to another (Kendall and Doctor, 2003). Originally
used for isotopic fractionation in magma, Rayleigh fractionation equations have been
adopted by coral studies to trace the preferential elemental fractionation (e.g. Sr/Ca vs
Mg/Ca) of the coral polyp to increase understanding of vital effects (Gagnon et al., 2007).

External effects on Sr/Ca fidelity
Careful processing of coral Sr/Ca in the laboratory is required as previous studies have
demonstrated the introduction of large Sr/Ca errors that can be induced during the
sampling process. For example, when sampled at a high resolution, the coral aragonite Sr
heterogeneity can cause a misrepresentation of the Sr/Ca-SST signal. Micro-analytical
studies have shown that Sr in coral aragonite can exist either as a temperature dependent
substitution in CaCO3 or as small deposits of fine scale strontianite (SrCO3). Therefore
during high resolution analysis strontianite can be measured over the temperature
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dependent Sr/Ca (Allison et al., 2001). Furthermore, sampling off axis or on a specimen
with lower extension rates (<5 – 6 mm), appears to skew the Sr/Ca ratio (DeLong et al.,
2013). Sampling along the maximum growth axis and considering extension rates can
reduce and make reproducible Sr/Ca results (DeLong et al., 2013; Marshall and
McCulloch, 2002).
Interlaboratory comparisons of coral Sr/Ca have contributed up to 7 ºC differences in
Sr/Ca-SST reconstructions as a result of fractionation, instrumental drift and other
measurement error, calling for a routine standard to be reported (Hathorne et al., 2013b).
Nowadays, internal and external laboratory standards are used allowing for more robust
data correction. The calibration process combined with satellite or instrumental data has
also caused discrepancies which is observed by the slope of the Sr/Ca-SST relationship,
slopes have documented ranges from -0.03 to -0.117 mmol/mol/ºC (Alpert et al., 2016;
Corrège, 2006; Sinclair, 2015).
Despite the sources of uncertainty in Sr/Ca outlined above the use of Sr/Ca derived SSTs
has been widely applied paleoenvironmental and climate studies (Chen et al., 2018;
DeLong et al., 2007; McGregor et al., 2013; Quinn et al., 2006; Wu et al., 2013). Sr/Ca
derived from coral records were used to study climate mechanisms in the southwest
Pacific (Alibert and McCulloch, 1997; DeLong et al., 2007; DeLong et al., 2012; Linsley
et al., 2015; Maupin et al., 2014) and examples of published uses of Sr/Ca as a
paleothermometer for the Solomon Islands and the wider southwest Pacific is further
discussed in Chapter 2.3.4. Given the location of Lau Lagoon in the WPWP low Sr/Ca
values and a temperature signal above 28°C are expected.

Trace element and isotopes fidelity in shallow water Porites corals
Microatolls occur when the coral reaches the sea surface and thus the coral starts to grow
out laterally. As microatolls grow in shallow waters, their ability to accurately record the
ambient SST and not local ponding is questioned in other coral species due to the warm
temperature skew that occurs in ponded water (Castillo and Helmuth, 2005; Leichter and
Genovese, 2006). Additionally, the stress of changing growth and the warmer waters may
also skew elemental and isotopic incorporation. Twenty-four-hour data taken from
shallow reef flat ponds at Heron Island over 1995 - 2012 showed that daily temperature
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ranges on the reef flat have a range of 3.3°C (Sadler, 2014). An explanation for this higher
range comes due to localised SST fluctuations, for example higher SSTs occurring during
a low tide in the afternoon (Sadler, 2014). Although not as common as other growth forms
microatolls have been assessed geochemically (Woodroffe and Gagan, 2000; McGregor
et al., 2011a; Wu et al., 2013). Sr/Ca in microatolls were used to reconstruct SST for
1994-2007 at Kiritimati Island (Sr/Ca to SST relationship R2 = 0.64; McGregor et al.,
2013), and for 1981-2004 at Tonga (Sr/Ca to SST relationship R2 = 0.67–0.68), although
at Tonga the Sr/Ca-SST correlation decreases the further back in time. (Wu, 2013). The
higher R2 value shown from Kirimati reflect more of a well-flushed, open ocean signal
compared to the more restricted and closed off environment of Heron Island which is
situated within the southern end of the Great Barrier Reef. Ultimately, more samples are
required from a range of reefs to assess the ability of microatolls to record climate signal
with consideration to the reef flat environment (McGregor et al., 2013).

2.3.2 Coral as an environmental archive
Corals can be used to shed light on environmental change in the region in which they live.
These variations can be investigated using coral density, extension and calcification rates,
and using coral luminescent banding.
Calcification and Extension Rates
X-radiographs indicate the coral extension rate occurs as a combination of alternating low
and high density bands. Combined x-radiography and geochemical analysis of radioactive
90

Sr revealed that corals form one low density and one high density band that equates to

one year of growth (Knutson et al., 1972). Density bands are formed due to several factors
such as light, temperature, monthly tissue uplift, linear extension and reproduction
(Barnes and Lough, 1993). The extension rate and density are components of the
calcification rate which is calculated by the following: Calcification = Linear Extension
rate x Density (Lough and Barnes, 2000; Lough, 2008).
The link between ambient sea surface conditions and growth rates in hermatypic corals
has been explored since Knutson et al (1972) discovered annual density banding. Findings
on the correlation between coral growth rates and SST are ambiguous (Lough, 2010).
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Originally it was suggested that coral growth would increase with SST (Bessat and
Buigues, 2001; Lough and Barnes, 2000). This was later contradicted by studies saying
that coral growth rates were declining with increasing temperature and potentially ocean
acidification (Cooper et al., 2008; De'ath et al., 2009; Hoegh-Guldberg et al., 2007). A
decline in coral growth rates with increasing temperature has been documented within
inshore corals in the Indo-Pacific. Specifically, in the Palau barrier reef (Barkley and
Cohen, 2016), Indonesia (Corvianawatie et al., 2015) and the Great Barrier Reef (Cooper
et al., 2008; D’Olivo et al., 2013). It is suggested that rising SSTs in these locations
exceeded the optimal temperature for coral growth (Cooper et al., 2008; Tanzil et al.,
2013). However, a recent study focused on offshore corals from Palua, West Papua and
mid-shelf Great Barrier Reef showed that calcification and extension rates do not have a
significant relationship with SST in offshore coral (Razak et al., 2019). In defence of the
relationship existing between SST and coral growth is an extensive study by De'ath et al.
(2009) who sampled 328 corals from inshore, mid-reef and offshore on the Great Barrier
Reef and determined a decrease in coral calcification related to an increase in SST in both
inshore and offshore settings.
Pairing luminescent bands, density and Sr/Ca has been revealed that, at least for the Great
Barrier Reef, high density bands are generally seen in summer (Lough and Barnes, 1990;
Reed et al., 2019). In contrast, a study comparing corals at differing depths in the Red Sea
found that low density bands grow during summer (Rosenfeld et al., 2003). This suggests
that the timing of the density bands could be species and site specific. The contradicting
studies of growth rates and various sea surface conditions call for further studies and more
data to confirm the relationship between changing chemical and physical ocean
parameters with the calcification, extension and density rates of corals.
Luminescence
The presence of luminescence in Porites spp when exposed to ultraviolet light (UV) has
been linked to the deposition of terrestrial humic and fulvic acids as a result of terrestrial
inputs entering nearshore water during periods of heavy rainfall and runoff events. (Grove
et al., 2010; Isdale, 1984; Lough et al., 2014; Lough, 2011b; Peng et al., 2002; Tanzil et
al., 2016). However, luminescent bands have also been seen in corals where there is no
nearby source of terrestrial inputs, indicating that other sources could produce
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luminescent banding (e.g. upwelling and land change) (Scoffin et al., 1989; Tudhope et
al., 1996). Luminescence decreases in intensity with distance from the river input and
across the reef shelf (Lough et al., 2002). Another source of luminescence is related to
the corals annual density and architecture (Barnes et al., 2003). However, after crushing
collected coral from the field and artificial coral it was found that the low density zones
could not solely explain the amount of luminescence, although the size of the aragonite
skeleton and its crystal structure may still contribute to the luminescence (Barnes and
Taylor, 2005). The causes of luminescence remains understudied and further studies
would enhance interpretation of the causes of luminescence.
Viewing the visual characteristics of the luminescence lines itself, such as the brightness,
is a cross check to ensure misinterpretation of runoff events and ‘background’
luminescence does not occur (Lough 2020, pers. comm.). For instance, during a runoff
event, the organic acids would exist in the water column for a little while after, so when
measured by a luminometer a peak that gradually becomes dimmer (resulting in a ‘tail’)
would reflect a runoff peak (Lough, 2011a; Lough et al., 2014; Tanzil et al., 2016).
Terrestrial inputs in Lau Lagoon, this study site, are expected due to the steep topography
of the adjacent island of Malaita.

2.4 Solomon Island and southwest Pacific paleoclimate studies
Previous studies that extend the Solomon Island paleoclimate record back several
hundred to several thousand years include δ18O records derived from cave stalagmites
(Maupin et al., 2014; Sekhon, 2016) and one unpublished 200-yearlong coral Sr/Ca
record (Liu, 2008) (Figure 8). Most of the records thus far focus on a decadal to interdecadal temporal scale. Persistent decadal scale variability in the SSS caused by
movements of the SPCZ have been recorded in multiple proxies from the central and
western Solomon Islands’ (Liu, 2008; Maupin et al., 2014). Outside of the WPWP in the
wider southwest Pacific changes in both the SST and SSS are seen to reflect SPCZ
variability. Movements of the SPCZ have been recorded on inter-decadal scale, and to a
lesser extent interannual scale, in coral records from Fiji, Vanuatu and New Caledonia
(DeLong et al., 2012; Kilbourne et al., 2004; Wu et al., 2013). Decadal oscillations are
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considered to be caused due to internal forcing not external forcing (DeLong et al., 2012;
Maupin, 2014).

Figure 8 Map of the southwest Pacific showing some of the available coral records with a focus on
modern coral records. Locations are identified by yellow pins (coral records), purple pins
(speleothems) and a red pin ( Lau Lagoon). Source: Google Earth

The unpublished 200-year Sr/Ca coral record is from the Gizo, in the Western provinces
(Liu, 2008). The Sr/Ca-SST yielded a moderate r- value of -0.4 (Liu, 2008). The r value
was improved to -0.67 by removing decadal oscillations. This low correlation was
suggested to be due to ‘decoupling’ of Sr/Ca and SST (Liu, 2008). Comparison with an
oxygen isotope analysis from a coral in Vanuatu suggests that the decoupling was caused
by changing water mass properties associated with the SST gradient near the SPCZ
region. Comparison of the Gizo coral Sr/Ca with other corals in the southwest Pacific
from Rabual, PNG (Quinn et al, 2006), Fiji (Linsley et al., 2006), New Caledonia and
Rarotonga (DeLong et al., 2007) suggested that the Gizo coral was isolated from the
larger ocean reservoir and grew in less mixed waters. The study continued to compare the
Gizo coral to other records in the southwest Pacific concluding that lower correlations
with Sr/Ca ratios to ambient SST seem to occur more frequently in WPWP records (Liu,
2008). It was also suggested that ‘decoupling’ of the Sr/Ca paleothermometer was related
to salinity changes caused by SPCZ variability and the impact salinity may have on the
Sr/Ca-SST relationship. However, since the Gizo study, Moreau et al. (2015) has
published a study on laboratory experiments showing that salinity has no influence on the
fidelity of Sr/Ca-SST signal from Porites spp grown in open ocean settings which were
analysed at a monthly and interannual resolution. A third argument delivered by Liu
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(2008) was the presence of Acantharians that may cause strontium stripping thus altering
Sr/Ca ratios.
Better analysis and understanding of the relationship of coral geochemistry with sea
surface conditions will result from more geographic and temporally consistent records.
Analysing the Lau Lagoon corals is intended to add to these records and provide a more
regional open ocean climate signal from the Solomon Islands.
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CHAPTER 3. MATERIALS AND METHODS
3.1 Instrumental SST and wind datasets
Four SST datasets were compared for the period January 2006 to September 2018 to
investigate SST variability between these gridded SST products. The gridded datasets
were accessed via http://iridl.ldeo.columbia.edu/. Summary information on these datasets
are given in Table 3.1.
Table 3.1 Comparison of IGOSS grids location, size and source
Dataset name

Grid square

Lat and long

Reference

IGOSS

1° x 1°

8.5°S and 160.5°E

(Reynolds et al., 2002)

IGOSS

1° x 1°

8.5°S and 161.5°E

(Reynolds et al., 2002)

OISST

0.25° x 0.25°

8.125°S and 162.375°E

(Reynolds et al., 2007)

ERSST v5

2° x 2°

8°S and 162°E

(Huang et al., 2017)

TAO/TRITON

N/A

8°S and 165°E

(McPhaden et al., 1999)

The wind strength and direction were extracted from the nearby TAO/TRITON buoy
array for the period 2006 - 2018. Wind data was extracted at a monthly resolution from
the TAO/TRITON buoy located at 8°S and 165°E (450 km from Lau Lagoon) and
accessed via the National Oceanic and Atmospheric Administration (NOAA) (GTMBA,
2020).

3.2 Tide measurements
To record tide levels, A HOBO water level logger was attached to the base of a jetty on
Adagege, an artificial island in the centre of the lagoon at 08°27’S, 160°51’E (Figure 9).
The water level logger was set in place on the 15/09/18 and removed on the 23/09/18.
The water level data from the water level logger was averaged and subtracted from the
individual values as a rough mean sea level correction.
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Figure 9 Map of Northern Malaita. Lau Lagoon is located on the northeast coast of Malaita province
showing the locations of the modern corals collected in 2018, with grey shading to represent terrain.
LU024-1A and LU009-3A1 denote the locations of the modern corals analysed in this study. LU023 and
LU032 denote the approximate location of the other modern coral sampled. The Triangle shows the
location of the Hobo Water Level Logger.

3.3 Coral sample collection
Modern and fossil coral cores were collected between the 15th and 23rd of September,
2018 from a representative range along the length of Lau Lagoon, in the Northeast of the
island province of Malaita between 08°18’S, 160°45’E and 08°32’S, 160°54’E (Figure
9). Cores from four modern corals were collected. Two modern coral samples from the
north were taken along with one sample from the middle and southern end of the lagoon.
Alongside the modern coral samples, 51 fossil Porites sp. samples were collected from
ten artificial islands (Appendix 3). To target a mix of older and younger samples, the
fossil Porites sp. were drilled from a range of heights on each island’s walls. Only the
modern corals however are investigated for this thesis.
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A Tanaka drill with a diamond tipped drill barrel was used to core the coral samples. Once
collected, the coral cores were immediately labelled with the specimen name, direction
of growth and drilling direction and stored in a labelled bag. At the end of each day the
coral cores were washed in fresh water and left to dry. The coral cores were carefully
packaged and shipped from Honiara to the University of Wollongong.

3.4 Corals LU024-1A and LU009-3A1
Of the four modern corals sampled, two coral cores were chosen for further analysis:
LU024-1A from the northern end of the lagoon and LU009-3A1 from the southern end.
These two cores were selected due to the easy access to the maximum growth rate, and
for the geographical spread they represent being from different ends of the lagoon.

3.4.1 Detailed location and drilling
of the Northern Sample, LU0241A
The Porites specimen LU024 was
collected on the 18/09/2018 near 08°21”S
160°47”E (Figure 9 and 10). The living
coral head was found 5-15 m off the
northeast corner of Aneka Island (Figure
2 Top). Field notes indicate sample
LU024-1A was collected in 1.8 – 2.0 m
water depth. The coral head was about 40
cm in height and grew vertically. LU024
was drilled down the middle as close to
the maximum growth axis that could be
approximated from looking at the outside
surface of the coral. This core is referred
to as LU024-1A and can be seen next to
the coral head in Figure 10. From Google

Figure 10 Top: Core LU024-1A core beside the

Earth, it was seen that Aneka Island is parent coral. Bottom: Core LU009-3A beside the
parent coral
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~450 m from the coast which is colonised by mangroves.

3.4.2 Detailed location and drilling of the Southern Sample LU009-3A
The Porites specimen LU009 was collected on the 16/09/2018 near 08°32”S and
160°55”E (Figure 9 and 10). The living coral was found within 20 m of the reef crest in
waters < 50 cm and 25.2 km southeast of LU024. The morphology of the coral specimen
of LU009 appears to have started growth as a small Porites sp. coral head and then
commenced sideways growth as a microatoll. The field notes for LU009 state that the
specimen was a “partially upturned microatoll” with “minimal borers”. LU009 was
drilled into multiple times with the Tanaka drill producing 5 complete cores. Core 3A
was chosen given the minimal borers and access to the maximum growth rate. As core
3A went diagonally through the side of the microatoll, the end of the core replicates the
years grown at the top of the core. The core LU009-3A was sawn in half (-3A1 and -3A2)
to facilitate high-resolution micromill sampling. Since -3A1 and -3A2 covered similar
growth increments only one half of the core, LU009-3A1, was chosen for subsequent
geochemical analysis. Furthermore, the top surface of -3A2 had no living coral tissue
which would complicate the age model as time of growth cannot be assumed. From
Google Earth, it was seen that Aneka Island is ~950 m from the coastline however it is
northeast to a small headland feature (Figure 9).

3.4.3 X-radiography and sampling transects
LU024-1A and LU009-3A were sawn into 7 mm thick slices using a water-lubricated
bridge saw. Coral LU023-1A was also sliced and x-radiographed, but this coral was not
analysed further. Two slices were taken from coral LU009-3A (slices LU009-3A1 and
LU009-3A2). To identify density bands the 7 mm slabs were x-radiographed on settings
of 42 KV to 40KV and 3.2mA at PRP Diagnostic Imaging on the 06/03/19. The maximum
growth axis was identified based on the corallite fans on the x-radiographs, and used to
determine the transects for geochemical, luminescence and density sampling (Figure 11).
The LU009-3A2 slice did not have living tissue on the top and the x-radiograph reveals
that the top of the coral likely stopped growing ~ 1 - 2 years prior to drilling (based on
extension rate Chapter 3.6) as there are corresponding low density bands at the top end
of LU009-3A1 and LU009-3A2 (black arrows, Figure 11).
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Figure 11 X-radiograph positives of the four modern corals collected in Lau lagoon. White boxes shown in
the LU024-1A and LU009-3A1 images indicate the transects where samples for geochemical analysis were
collected. LU024-1A and LU009-3A2 also show the transects for luminescence and density measurements
(dark blue dashed lines). All four coral cores show light and dark density bands. Black arrows show similar
low density bands at the opposite end of LU009-3A.
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3.5 Screening for Diagenesis
Secondary aragonite, calcite and dissolution can alter the geochemical temperature signal
within the coral sample. Vigilant screening of coral specimen before they are sampled is
recommended (McGregor and Gagan, 2003; Sayani et al., 2011). A primary check for
diagenesis was conducted on the x-radiographs where borer holes and large sections of
altered calcite would be identifiable (McGregor and Gagan, 2003). A borer hole was
noted at the end of LU009-3A1 and as such, this section was not milled (Figure 11).
Sub-millimetre scale diagenesis was investigated under Scanning Electron Microscope
(SEM). Cleaned slices were compared to reference images of other corals with different
grades of diagenesis (Hunter 2019, pers.comm.). Aragonite and secondary calcite can be
identified by a ‘furry texture’ or ‘spiky’ formations. Only very minor diagenesis was
present toward the end of the milling transect (Figure 12) in LU009-3A1 that is
insufficient to skew the climate signal (Hunter, 2020). SEM images from LU009-3A1 are
compared to a modern sample with diagenesis from Quinn and Taylor (2006).
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Figure 12 Comparison between published diagenesis in a coral from Rabaul, PNG (A, B, C
and D) (Quinn 2006) compared to LU009-3A1 from Lau Lagoon Coral (E, F and G) (This
study). A and C show unaltered coral from Rabaul and B and D show altered coral (Quinn
2006). A and B are photomicrographs of a thin section spanning 2.6 mm each. Images C
and D are taken on the SEM. Images E, F and G are taken on SEM from LU009-3A1, Lau
Lagoon (This study). A, C, E and F show unaltered aragonite from the top of their
respective corals with no diagenetic features evident and primary coral structure intact. B,
D, F and G show the latter end of their respective corals and diagenetic features. B and D
show pore-filling aragonite cement and a destruction of primary coral structures (Quinn
2006). Image G shows the onset of secondary aragonite.
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3.6 High Resolution Sampling for Geochemical analysis
In order to produce accurate high resolution geochemical analysis the coral cores were
processed according to the procedure developed by McCulloch et al. (1994). A ledge
approximately 2.4 mm thick was milled on each of the coral slices with a semi-automated
computer programmed CNC mill. Once the ledge was made the samples were thoroughly
cleaned by immersing in fresh Milli-Q and using an ultrasonic probe (McCulloch et al.,
1994). The Milli-Q water was changed and the other side of the ledge was cleaned using
the ultrasonic probe. This process was repeated a further six times (eight times, four each
side in total). The thick part of the coral was similarly cleaned using Milli-Q water and
ultrasonic probe, repeated four times. The probe cleaning step was aimed at the removal
of debris and detritus from the sawing process to enable high quality analysis.
The coral samples were milled on an automated CNC mill at a set increment which was
based on the growth rate seen in the density bands from the x-radiographs (Figure 11).
The average extension rate taken from the x-radiograph of both LU024-1A and LU0093A1 was 12 ± 0.3 (σ) mm/year. The densitometer measurements were taken after milling
(Chapter 3.6.4) and determined LU024-1A to have an average extension rate of 13 ± 0.4
(1σ) mm/year and LU009-3A1 of 15 ± 0.3 (1σ) mm/year. Based on the closer proximity
to the reef crest, LU009-3A1 was hypothesised to record a better open ocean signal and
as such LU009-3A1 was sampled at a higher resolution of 0.3 mm/sample. LU024 was
sampled at 0.4 mm/sample. Once milled, the coral powder was collected into Eppendorf
tubes. Every other Eppendorf tube was selected for Sr/Ca analysis so based on the
extension rates taken from the x-radiograph image, the LU024-1A estimated analysis rate
was ~13 samples/year and LU009-3A1 was ~15 samples/year. However, the densitometer
readings later showed that LU024-1A was likely sampled at 16 samples/year and LU0093A1 at 25 samples/year.

3.6.1 Analysis for Sr/Ca
For Sr/Ca analysis, 10 ml centrifuge vials were first soaked in 5% HNO3 for a minimum
of 24 hours. The vials were then rinsed with Milli-Q water three times and dried in an
oven at 40°C. The coral powder was weighed out on a CAHN micro-balance to a weight
range between 4.5-5.5µg. The coral powder was digested with 1% HNO3 of 65% acid.
The amount of acid added to each vial was adjusted such that the Ca2+ concentration in
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the acidified samples was relative to the weight of the sample. The amount of acid added
to each sample was added in a 0.1mL:0.01mg ratio respectively. Once the samples were
digested they were transferred to a sonic bath and sonicated for an hour to ensure the coral
was thoroughly dissolved.
To determine concentrations of Ca2+, Sr2+, Mg2+ and Ba2+ the samples were analysed using
a Thermo Fisher iCAP 7600 duo Inductively Coupled Plasma Optical Emissions
Spectrum (ICP OES) at the Australian Nuclear Science and Technology Organisation
(ANSTO). The machine was tuned to focus on Sr/Ca ratios. The ICP-OES uses
inductively coupled plasma (ICP) to ionise argon elements and use them for two purposes.
Firstly, to separate analyte elements into their atomic forms by subjecting the elements to
extreme heat. Secondly, to excite the ions so that their electrons upsurge to a higher
energy state. Once that state is reached the ion’s energy state will decrease as the electrons
return to their original state. As the energy state of the ion deflates, electromagnetic
energy in the form of photons is released and their specific wavelength measured. The
energy released is equal to the difference between the higher and lower energy states. As
each atom has a specific arrangement of energy states this production of photons is
characteristic and identifiable to each individual atom and the specific wavelengths can
therefore be used to identify elements. As a specific wavelength is measured by the ICPOES it is compared to known depository of elements and identified. The analysis of the
ICP OES were completed with axial view settings seen in Table 3.2.
Table 3.2 ICPOES axial settings
Exposure Time (s)

5

RF Power (W)

1300

Nebulizer Gas Flow (L/min)

0.45

Capture Full Frame

No

Coolant Gas Flow (L/min)

12

Auxiliary Gas Flow (L/min)

0.5

Additional Gas Flow (mL/min)

0

To check for instrumental drift the samples were bracket corrected where a 1L ICV
solution is analysed at the start of the sequence, after every second sample and after
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calibration (de Villiers et al., 1995). Two JCp-1 standards per every 30 samples were run
as a reference standard for comparison with other laboratories. JCp-1 has a known
standard Sr/Ca ratio of 8.811 ± 0.014 mmol/mol for the ANSTO Laboratory (Hathorne
et al., 2013b). The JCp-1 standards analysed in the first batch were averaged to have a
Sr/Ca of 8.54 ± 0.08 (1σ, n = 15) mmol/mol. In the second batch the JCp-1 standards had
an average of 8.71 ± 0.05 (1σ, n = 12) mmol/mol. A correction was made to the raw Sr/Ca
values for the offset in JCp-1 for each batch.

3.6.2 Assigning Chronology
To translate the coral geochemistry from having distance from the top of the core (mm)
on the x-axis to having time on the x-axis, a time model was produced using a program
called QAnalyseries (Kotov and Pälike, 2018). The time model was developed by visually
matching the maxima of the Sr/Ca values of the samples plotted with distance down core
(mm) on the x-axis to the annual minima SST data plotted against time. The SST data
chosen was from the Integrated Global Ocean Services System (IGOSS) version 2.
IGOSS has a 1° x 1° spatial resolution and uses both in situ and satellite data (Reynolds
et al., 2002). Although the drilling date was September 2018, tie points at the top of the
coral to the time axis were staggered by a few months due to the bio-smoothing of the
geochemistry that can occur in the living tissue layer (Gagan et al., 2012). The output of
QAnalyseries preserved the Sr/Ca values but converted the distance down core to time
down core. The first two density bands in sample LU009-3A1 are larger than sequential
years. Thus the top two years of this core were considered to be sampled at a higher
resolution. The tie points for LU009-3A1 and LU024-1A can be seen in Appendix 4. The
Sr/Ca values were then interpolated to evenly spaced 12 values per calender year using
the ARAND software (Howell, 1998).

3.6.3 Sr/Ca-SST Calibration
With the age model developed and the coral geochemistry matched with tie points to a
temporal axis, each of the corals Sr/Ca values were linearly regressed against IGOSS v2
SST for the grid square centred on 161.5°E and 8.5°S to produce a calibration equation.
The calibration equation was then rearranged to convert the coral geochemistry into
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temperature, hence called Sr/Ca-SST. The particulars of the calibration equation and
Sr/Ca-SST are shown in the results and discussion sections.

3.6.4 Luminescence and Density
As a rudimentary check for luminescence, the coral slabs were viewed under the UV light
at the UOW carbonate laboratory to gauge luminescence banding. LU024-1A and LU023
had distinct banding and faint banding could be seen in LU009-3A1. LU024-1A and
LU009-3A1 were taken to the Australian Institute of Marine Science (AIMS) and
luminescence and density measured by the luminometer and densitometer as per Barnes
et al. (2003). In summary, the coral slabs were irradiated with an UV light at 390 nm and
slowly passed under the at 0.25 mm increments. The coral was measured with a 2 mm
wide beam. Luminescence that emitted from the surface of the coral at 490 nm was
recorded. This process was repeated with the UV light projecting 490 nm and again light
from the surface of the coral that emitted at 490 nm was recorded to standardise the
emissions. The light is emitted at this level as the dominant light from humic acids is
around 460 nm (Lough, 2011a). The density was simultaneously measured by the
densitometer which attenuated a beam of gamma photons (Barnes et al., 2003). The raw
luminescence and density data was edited using Coral XDS software to identify
luminescence, density peak and troughs and extension rates. Luminescence and density
interpolation was based on evidence from another coral record in the Great Barrier Reef
that shows that high density bands form during the summer (Reed et al., 2019). As such
the interpolation of luminescence and density peaks were based on low luminescence
bands occurring during the winter. The interpolation produced monthly values and annual
ranges for each coral. The interpolated luminescence, annual ranges and the UV image
itself are assessed to determine if the luminescence signal responds to ‘runoff’ events
(Chapter 2.3.2).
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CHAPTER 4. RESULTS
4.1 Local and Regional Data
4.1.1 Tide Data
Tide data measured at Adagege show a semi-diurnal tidal cycle with approximately two
peaks/troughs a day (Figure 13). The lowest tide level over the 10-day period was ~-0.7
m and the highest was ~0.8 m. The smallest tidal range was ~0.4 m and the highest was
~1.5 m.

Figure 12 Corrected water level from a 2L HOBO water logger attached to a jetty at Adagege

4.1.2 Wind Data
To view the wind regime, the TAO/TRITON wind from 8°S and 165°E was plotted
between 2006 – 2018 (Figure 14). The wind data is missing a few monthly readings, most
notably 3 months between 2009 March to June and 15 months between March 2015 and
June 2016. The TAO/TRITON wind data shows three dominant wind directions 28% of
the winds are north-westerly (monsoon related winds), 24% are north-easterly and 48%
are south-easterly (the southeast trade winds). The data from the TAO/TRITON buoy
array shows that the southeast winds are dominant. 77% of the north-westerly winds
occurred in austral summer and 19% of north-westerly winds occurred in austral autumn,
constrained to March and April.
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Figure 13 A wind rose based on data from The monthly wind direction and speed from the TAO/TRITON
buoy located at 8°S and 165°E. Wind direction and wind strength are shown in colour and length of bars.

4.1.3 IGOSS SST Data
Comparison of OISST and ERSST, IGOSS v2 SST datasets for the Lau Lagoon region
(Table 3.1) show that all record similar annual cycles (Figure 15a). As IGOSS v2 was not
too dissimilar from other instrumental datasets it was considered an appropriate choice to
create an age model and subsequent calibration equation. The IGOSS SST data (Reynolds
et al., 2002) for the years 2006 – 2018 in the 1° x 1° grid of 8.5°S and 161.5°E near Lau
Lagoon shows seasonal oscillations with muted temperature ranges between 28.4°C and
30.7°C (Figure 15b). Ultimately, IGOSS v2 was chosen as it not only includes satellite
derived SSTs but also SST values from the TAO/TRITON buoy array in the southwest
Pacific. Lau Lagoon is located in the 1° x 1° grid of 8.5°S and 160.5°E, however the grid
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square chosen for the time model was the easterly adjacent grid 8.5°S and 161.5°E (Figure
15b). This grid was chosen as it includes less landmass and therefore is a better
representative of open ocean temperatures (Figure 15c); as land relinquishes heat at a
faster rate than the ocean. There was no significant difference in the SSTs of the two grids
(Figure 15b). Thus the 8.5°S and 161.5°E grid square IGOSS SST was used henceforth
for comparisons and constructing the Sr/Ca-SST calibration.

a)

b)

c)

Figure 14 a) Comparison of multiple gridded SST datasets for the same location between 2006
and 2018. b) Timeseries comparison of two adjacent IGOSS SST grids, the 1° x 1° grid of 8.5°S
and 160.5°E and 8.5°S and 161.5°E (used in this study). c) The 1° x 1° grid of 8.5°S and 160.5°E
and 8.5°S (orange square) where Lau Lagoon (red circle) is located and the land mass of Malaita
is located and the easterly adjacent the 1° x 1° grid of 8.5S and 161.5 (maroon square) which
was used in this study.
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4.2 Lau Lagoon Coral Data
4.2.1 Lau Lagoon Sr/Ca
The age model for LU024-1A, the northern core, extends from June, 2006 to July, 2018
(Figure 16). LU009-3A1, the southern core age model starts in January, 2006 to April,
2018 (Figure 16). The descriptive statistics for the northern and southern coral samples
are displayed in Table 4.1. In the northern core the year 2009 only had two months due
to a break in the core, as such the year 2009 has been removed from this point onwards.
As the northern and southern coral are only separated by 25.2 km, differences in the coral
geochemistry, the calibration equation and subsequent Sr/Ca-SST values were not
expected.
Table 4.1 Lau Lagoon Descriptive Statistics of Raw Sr/Ca. SD = standard deviation
Time covered Average + SD

Maximum Minimum

Range

Northern

June, 2006 to 8.83 ± 0.055

8.94

8.68

0.25

Geochemistry

July, 2018

(1σ; n=133)

Southern

January,

8.80 ± 0.059

8.98

8.6

0.38

Geochemistry

2006 to

(1σ; n=186)

(mmol/mol)

April, 2018

Difference

3 months

0.04

0.08

0.13

(mmol/mol)

(mmol/mol)

0.03 ± 0.004
(1σ; n=53)

4.2.2 Producing a coral thermometer: Calibration Equation
As there is no standard Sr/Ca-SST calibration equation developed for Porites spp and no
available local datasets, instrumental datasets are used to produce a calibration equation
for each site. IGOSS SST shows that the grid square between 8.5°S and 161.5°E has a
muted seasonal variation. The raw Sr/Ca in Lau Lagoon corals show weak seasonal
oscillations. Two calibration equations for the Lau Lagoon Sr/Ca were produced by an
ordinary least square (OLS) linear regression (Table 4.2).
1) Includes all the monthly interpolated Sr/Ca and monthly IGOSS SST.
2) Includes Sr/Ca values that have been smoothed by a mild 3 point averaged filter
and only includes the top and bottom 25th percentile of IGOSS SST.
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Figure 15 Top: Northern coral sample, LU024-1A Sr/Ca (mmol/mol) vs time (year). Bottom: Southern
Core, LU009-3A1, Sr/Ca (mmol/mol) vs time (year). The top of the core is to the right side (~2018).
Analytical uncertainty is estimated at 0.08 mmol/mol and is the maximum standard deviation of repeat
analyses of JCp-1 (Methods).

The second calibration was developed as the age model focused on tying up the Sr/Ca
‘peaks’ (cooler temperatures) with the IGOSS winter lows and to a lesser extent on the
Sr/Ca ‘lows’ (warmer temperatures) with the IGOSS summers. During the interpolation,
to get the Sr/Ca values onto a time axis, the other parts of the Sr/Ca signal can get
misaligned. As such, these in-between months were eliminated by only including the
values in the bottom 25th percentile (≤ 25%) and the top 75th percentile (≥75%) of the
IGOSS SST. The second calibration (Figure 17) has higher R2 values. LU024-1A showed
an improved R2 from 0.19 to 0.32 and LU009-3A1 from 0.11 to 0.23.
Table 4.2 Comparison of Calibration Equations
LU024-1A 1st Calibration
LU009-3A 1st Calibration
LU024-1A 2nd Calibration
LU009-3A 2nd Calibration

yintercept
10.26
10.33
10.18
10.09

Std-Err

Slope (m)

Std-Err

R2

0.26
0.28
0.24
0.28

-0.048
-0.042
-0.045
-0.044

0.009
0.010
0.008
0.009

0.19
0.11
0.32
0.23
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To determine if there is a significant
relationship between the IGOSS SST and
the Lau Lagoon Sr/Ca values, a p-test
was conducted from the OLS linear
regression. The Null Hypothesis (H0)
states there is no relation between Sr/Ca
(dependent value) and IGOSS SST
(independent value). Both the northern
and southern samples have a p value of
<0.01 which implies the null hypothesis
should be rejected and there is a
significant relationship between the
Sr/Ca and IGOSS SST; based on the pvalue rejection rule of p < 0.05.
Once the calibration equation was
validated by the p test, the Sr/Ca of
LU024-1A
converted

and
to

LU009-3A1

Sr/Ca-SST

via

were
their Figure 16 Ordinary Least Square Linear Regression for coral

Sr/Ca against IGOSS SST. Top: northern sample LU024-1A.

respective calibration equations. The Bottom: Southern Sample LU024-3A1
descriptive statistics of Sr/Ca-SST of
both corals and IGOSS v2 SST are shown in Table 4.3.

Table 4.3. Statistics of Lau Lagoon Sr/Ca-SST and IGOSS
Average

Confidence

Standard

Value (95%)

Deviation

Max

Min

Range

Northern (LU024-1A)

29.7°C

± 0.06

0.22

30.6°C

28.9°C

1.8°C

Southern (LU009-3A1)

29.6°C

± 0.05

0.18

30.6°C

29.6°C

2.0°C

IGOSS

29.6°C

± 0.08

0.49

30.7°C

28.4°C

2.3°C

4.2.3 Lau Lagoon Luminescence and Density
The processed luminescence and density measurements from the Lau Lagoon corals
covered 7 years in the LU024-1A, the northern core (2016 – 2009) and LU009-3A1, the
southern core (2014 – 2007). Luminescence units registered notably higher values in
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LU024-1A than in LU009-3A1 by an average of 0.2 luminescence units for the
overlapping years between 2014 - 2009.

LU024-1A luminescence
The UV image (Figure 18) shows bright luminescent bands throughout the length of the
core. Peaks identified by CoralXDS originally attributed peaks in LU024-1A from 2017
– 2010 (Figure 18). However, the raw luminescence data shown in Figure 18 shows a
small peak occurring around 1 –1.5 cm down the core top (0.0 cm; Figure 18) followed
by a second higher peak at 2 cm. During the interpolation process the first small peak is
eliminated and as such the second peak at 2 cm is attributed to 2017. However,

Figure 17 Density and Luminescence of the Northern Sample LU024-1A. Density is shown in black and
Luminescence in Green. The x-axis is distance down core with 0.0 indicating the top of the core. The box
in the top left shows the interpolated luminescence peaks staggered to start 2016.

considering the extension rates provided by the densitometer (13 mm/year) and from
viewing the x-radiograph (Chapter 3, Figure 11), the first small band at 1 – 1.5 cm is more
temporally representative of 2017 and the second peak at 2 cm of 2016. As such the
interpolation of LU024-1A was staggered a year so that the first peak omitted by the
interpolation process was assigned to 2017 and the interpolated values start reading at
2016 (Figure 18). After 2013 (~ 7 cm), the coral growth bands begin to be measured off
axis which can ‘blur’ the luminescence signal in the older years of the core (Lough 2020,
pers. comm.). The end of LU024-1A (17 cm – 22 cm) is completely off axis, with the
coral growth near perpendicular to the luminescence measurement line (Figure 18). This
is reflected in the raw luminescence readings where the luminescence records the same
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intensity for several centimetres (i.e. 17-20 cm in Figure 18). Despite being sampled
slightly off-axis, the interpolated luminescence peak for 2010 (~11 cm) has a distinctive
peak structure and associated bright line in the UV image. Therefore, due to off-axis
sampling luminescence peaks for LU024-1A were identified and restricted to 2016 – 2013
and 2010.

LU009-3A1
Luminescent lines are evident in the UV image older years of the LU009-3A1. The
interpolated luminescence for LU009-3A1produced values from 2014 to 2007. Due to a
break in LU009-3A1 during the milling process, Araldite glue was applied to the top 3
cm of the coral, which interferes with the primary coral luminescent signal (~0 -3.5 cm;
Figure 19). Less prominent luminescence bands occur between 4 cm and 12 cm (Figure
19), through this section is the luminometer is slightly off-axis limiting quantitative
analysis of these years. However, similar to the northern coral, the UV image indicates
the presence of luminescence lines in the older years of the coral, for instance the
luminescence line at ~13 cm (Figure 19) (Lough 2020, pers. comm.). These older years
are out of the scope of the interpolated luminescence units from (2014 - 2007) and
therefore quantitative analysis on the luminescence peaks cannot occur. Overall, LU0093A1 shows lower luminescence peaks from 2014 - 2007 and less luminescent lines in the
UV image when compared to LU024-1A.
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Figure 18 Density and Luminescence of the southern sample LU009-3A1. Density is shown in black and
Luminescence in Green. The x-axis is distance down core with 0.0 indicating the top of the core. Beneath
the graph is the UV image with the x-radiograph behind.

Coral skeletal density records
The interpolated density from LU024-1A has an average value of 1.58 ± 0.2 g.cm-3 (1σ;
n=96). Comparatively, LU009-3A1 has a lower density average and less variation at 1.38
± 0.1 g.cm-3 (1σ; n=84). Anomalous low density was recorded at 6.5-9 cm in LU024-1A.

Here the coral growth is convoluted and may therefore have an impact on the density
interpolated as 2013 – 2009. To determine a relationship between Sr/Ca-SST and density
an OLS regression was performed for each coral. Both corals failed the p-test (>0.05) and
produced very low correlations with an R2 of 0.002 for the northern core and 0.085 for
the southern core. IGOSS SST was also regressed against the density for each core with
a significant relationship found for the northern coral (p=0.02) and a very weak R2 of 0.04.
An insignificant relationship was found between the southern coral.

4.3 LU024-1A Geochemical Analysis from 2013 – 2016
The years between 2016 – 2013 in the northern coral LU024-1A show seasonal variations
in Sr/Ca-SST, luminescence and density. To identify if there is a linear relationship
between the seasonality between IGOSS SST, Sr/Ca-SST, luminescence and density an
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OLS linear regressions were performed for these variables to analyse their relationship to
one another (Table 4.4). There is a weak but significant relationship between Sr/Ca-SST
and luminescence and between luminescence and density. The density and the Sr/Ca-SST
in LU024-1A was found to be insignificant. This could be related to the Sr/Ca and density
being measured in different parts of the core.
To define the relationship between the coral geochemistry and the IGOSS signal to see if
the coral was picking up a similar signal an OLS linear regression was run for these
variables against the IGOSS SST between 2013 and 2016. A weak but significant
relationship between IGOSS and LU024-1A Sr/Ca-SST and LU024-1A density was
found. A moderate and significant relationship with LU024-1A luminescence had a
positive correlation (warmer SST with increased luminescence intensity).
Table 4.4 LU024-1A Sr/Ca-SST, Luminescence, Density and IGOSS correlations between
2013 and 2016
LU024-1A Sr/Ca-SST and Luminescence
LU024-1A Sr/Ca-SST and Density
LU024-1A Luminescence and Density
IGOSS SST and LU024-1A Sr/Ca-SST
IGOSS SST and LU024-1A Luminescence
IGOSS SST and LU024-1A Density

R2

p-test (<0.05)

Relationship

0.04
0.03
0.2
0.2
0.4
0.2

<0.01
0.65
<0.01
<0.01
<0.01
<0.01

Weak & Significant
Insignificant
Weak & Significant
Weak & Significant
Moderate & Significant
Weak & Significant

4.4 Results Summary
The tide, wind and bathymetry data available present Lau Lagoon as an open ocean setting
with winds governed by the southeast trade winds and the northwest monsoon. The
IGOSS SST shows a muted temperature signal with seasonal oscillations and muted
temperature ranges between 28.4°C and 30.7°C. The IGOSS SST data shows that the
region near Lau Lagoon is within the WPWP with SST between 2006 and 2018 above
28°C. The IGOSS SST data is further developed in Chapter 5.1. The wind regime shows
that wind is seasonal. For the majority of the year wind blows in a southeast direction
(48% of time). During austral summer and early austral autumn wind reversals from the
northwest occur (28% of time). A vague seasonal oscillation can be seen in the Lau
Lagoon Sr/Ca-SST signal. The Lau Lagoon Sr/Ca-SST has a weak but significant
relationship with the regional IGOSS SST (p = <0.01, R2 = 0.32 and p = <0.01, R2 = 0.23).
Luminescence lines resembling runoff events are seen in both the northern and southern
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coral. However due to coral breakages and off-axis sampling only five years from 2013
– 2016 and 2010 in the northern coral are identified as significant luminescence peaks. A
weak but significant relationship is seen between LU024-1A Sr/Ca-SST and
luminescence ( R2 = 0.04, p = <0.01). This correlation is stronger between IGOSS SST
and LU024-1A luminescence ( R2 = 0.4, p = <0.01). There is no significant relationship
between Lau Lagoon Sr/Ca-SST and density. A weak but significant relationship exists
between the IGOSS SST and LU024-1A density ( R2 = 0.04, p = 0.02). This correlation
in LU024-1A is improved ( R2 = 0.2, p = <0.01) when constrained to the years with
luminescence peaks and above the anomalous low density growth (2016 – 2013).
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CHAPTER 5. DISCUSSION
5.1 Local and Regional Setting from Instrumental Data
The hydrological conditions of Lau Lagoon were evaluated based on local and regional
water level readings and a bathymetric chart (Figure 20 and 21). The wind regime was
assessed based on a buoy located within the region at 8°S and 165°E (Figure 22).

5.1.1 Tide, wind and bathymetry at Lau Lagoon
To assess the tidal characteristics local water level readings were taken at Adagege, Lau
Lagoon (Chapter 3, Figure 9) and compared to other tidal datasets for the same time. Tide
data from a Hobo Water Logger was recorded over the same time period in Papatura,
Santa Isobel (Lowe, 2020). Available tide data from Honiara, Guadacanal was taken from
the Australian Bureau of Meteorology (BOM, 2020b). Lastly, tide data from the
University of Hawaii was taken from Funafuti, Tuvulu (Caldwell, 2010). Although the
tide data only covers a small segment of time (10 days), close similarities are seen
between the east facing locations of Lau Lagoon and Santa Isobel. Funafuti, also east
facing, also shows a resemblance to the Adagege and Papatura tidal structure despite
being located ~2000 km away from Lau Lagoon (Figure 20). In contrast, Honiara, despite
being the geographically closest, has a different tide structure. This supports the CSIRO
concern that Honiara may, at least tidally, be exhibiting a microclimate. The similarity of
the water level readings from Adagege and Papatura imply that the centre of Lau Lagoon
(where the tide gauge was placed) is relatively well mixed with the open ocean as it does
not show an unusual or different oscillation that would imply isolation from the open
ocean (for example, Honiara). To assess how the tide accesses Lau Lagoon, the
bathymetry chart for Malaita was extracted from the International Hydrographic
Organization via NOAA (Figure 21) (IHO, 2020). The bathymetry shows a steep drop
east of Malaita with depths dropping to 1000 km over 6 – 12 km from the east coast of
Malaita. Unlike other coral reefs, the chart does not show any obvious obtruding
bathymetry blocking the ingress of water (Figure 21).
Wind directions from TAO/TRITON between 2006 - 2018 (Figure 14) support the
established wind regime from CSIRO (2011a) that wind comes from the northwest during
the wet season and from the southeast during the dry season. The wind data shows the
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seasonal variability of wind directions in the wet season compared to the dry season
(Figure 22). However, the TAO/TRITON wind data is missing a few monthly readings,
most notably 3 months between 2009 March to June and 15 months between March 2015
and June 2016. The latter gap in data is unfortunate as it covers a well-known El Niño
event.

Figure 19 Tide data sets from various sources for 15/09/2018 to 23/09/2018. First: tide data recorded with a Hobo
Water in Adagege, Lau Lagoon. Second: tide data taken from Papatura, Santa Isobel sourced from (Lowe, 2020).
Third: tide data taken from the Australian Bureau of Meteorology (BOM, 2020a). Fourth: tide data from Funafuti,
Tuvulu sourced from (Caldwell, 2010). Bottom map showing the tidal locations made with folium library.
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Figure 20 Two wind roses based on data from monthly wind direction and speed from the
TAO/TRITON buoy located at 8°S and 165°E for 2006-2018. Wind direction and wind
strength are shown in colour and length of bars. Left: Wind data from the wet season
(November – April). Right: Wind data from the dry season (May – October).
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5.1.2 IGOSS Regional Temperature

Figure 21 Bathymetry chart of Malaita. Isolines are at 25 m.
Source: (IHO, 2020)

The IGOSS SST data shows that the 8.5°S and 161.5°E 1° x 1° is within the WPWP with
SST persistently above 28°C. To test whether variations in SSTs in this grid square reflect
broader changes in the tropics the IGOSS SST was compared to surrounding IGOSS grids
and the NINO 4 grid which covers SST from 5°S to 5°N and 160°E to 150°W. The NINO
4 grid and the Lau Lagoon IGOSS grid (8.5°S and 161.5°E) are contrasting with the
NINO 4 grid frequently showing cooler SST around January compared to the warm SSTs
that the Lau Lagoon IGOSS grid shows. This was further explored by comparing IGOSS
grids on the same latitude of 8.5°S to 5 other IGOSS grids on different longitudes. The
grids extending east at the following increments 161.5°E, 164.5°E, 169.5°E 174.5°E,
175.5°W and 170.5°W (Figure 23). It can be seen that temperatures from 8.5°S and
170.5°E resemble the NINO 4 grid trend. To test the relationship an OLS linear regression
was produced and the R2 value and p-test was administered for the comparison of each
grid with the 8.5°S and 161.5°E grid (Table 5.1). The timeseries and the correlation values
show that the Lau Lagoon IGOSS grid of 8.5°S and 161.5°E has similar SST trends until
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latitude 169.5°E (R2 = 0.66, p = <0.01) suggesting that the IGOSS grid is, at least
longitudinally, representative of SST for 8° of longitude (770 km). The p-test shows that
the Lau Lagoon IGOSS SST has a significant relationship with all the IGOSS grids and
NINO4, reinforcing the ability of the Lau Lagoon IGOSS grid to reflect broader changes
in the southwest tropics. Given the significant relationship of the Lau Lagoon IGOSS grid
with NINO4, NINO3.4 was also assessed via an OLS regression and had a low correlation
but significant relationship (Table 5.1).
Table 5.1 Statistical test of IGOSS grid 8.5°S and 161.5°E with other IGOSS grids
Latitudes

R2

p-value (<0.05)

8.5°S, 160.5°E and 8.5°S, 161.5°E

0.99

<0.01

8.5°S, 161.5°E and 8.5°S, 164.5°E

0.92

<0.01

8.5°S, 161.5°E and 8.5°S, 169.5°E

0.66

<0.01

8.5°S, 161.5°E and 8.5°S, 174.5°E

0.39

<0.01

8.5°S, 161.5°E and 8.5°S, 175.5°W

0.21

<0.01

8.5°S, 161.5°E and 8.5°S, 170.5°W

0.16

<0.01

8.5°S, 161.5°E and NINO 4 (5°S to 5°N, 160°E to 150°W)

0.01

<0.01

8.5°S, 161.5°E and NINO 3.4 (5°S to 5°N, 150°W to 120°W)

0.002

<0.01
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Another observation from the longitudinal data shows that over the 12 year time span,
waters between 8.5°S, 161.5°E and 8.5°S, 170.5°W are located in the WPWP with SST

Figure 22 Top: Comparison of IGOSS Grids extending east longitudinally from 8.5°S, 160.5°E and 8.5°S,
161.5°E to 8.5°S, 161.5°E and 8.5°S, 170.5°W and with NINO 4. Bottom: Map of the Pacific Ocean
showing the NINO systems. NINO 4 is the closest to Lau Lagoon (red circle). Source: (BOM, 2020a)

over 28°C. In summary, the local and regional instrumental datasets show that Lau
Lagoon appears to be representative of an open ocean setting with a good correlation in
IGOSS SST from 161.5°E to 169.5°E (770 km) and a significant relationship (p = <0.01)
with the larger NINO4 and NINO3.4 SST grids. The TAO/TRITON wind data shows that
the location is strongly governed by seasonal wind that oscillates between northwest
monsoon winds in the wet season and the southeast trade winds in the dry season.
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5.2 Lau Lagoon Sr/Ca-SST
Lau Lagoon Sr/Ca-SST shares similar amplitudes as IGOSS SST (Figure 24), however it
does not consistently share the same seasonally characterised SST signal that IGOSS SST
does (Figure 24). The IGOSS SST shows a more consistent seasonal variation and higher
standard deviation (Table 4.3). With the exception of 2017, LU009-3A1 has lower
amplitudes on temperature peaks compared to IGOSS SST and LU024-1A (Figure 24).
Peaks and troughs in Lau Lagoon Sr/Ca-SST are not contained to austral summer and
austral winter as much as they are in the IGOSS SST. This is also highlighted by the low
R2 value of the Lau Lagoon coral with the instrumental dataset. This implies a decoupling
between the Lau Lagoon Sr/Ca-SST and regional IGOSS SST. The IGOSS dataset shows
that this location in the WPWP has a very small temperature range of 2.3°C (Table 4.3).
Therefore the SST signal that the coral is responding to is very small and as such sources
of error that could influence this signal need to be considered. The low correlation
between Sr/Ca-SST and the IGOSS SST could be attributed to four main sources of
uncertainty:
1. Sources of uncertainty in the Sr/Ca data measurement
2. Sources of uncertainty from the instrumental dataset
3. Sources of uncertainty from vital effects
4. Local environmental factors
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5.2.1 Sr/Ca data measurement sources of uncertainty

Figure 23 Top: LU024-1A monthly Sr/Ca-SST from 2006 to 2018. Middle: LU009-3a1 monthly Sr/Ca-SST
from 2006 to 2018. The coral-specific calibrations (Table 4.2) were used to convert each coral Sr/Ca to SST.
Bottom: Monthly IGOSS SST from 2006 to 2018.

Potential sources of error that could alter the calibration equation derive from laboratory
issues and the age model process. Laboratory issues, while possible, were managed and
monitored by running standards (Chapter 3). The age model process was difficult for this
coral specimen given its location in the WPWP where iconic seasonal variation is more
muted. Without the clear sinusoidal seasonal fluctuation, the age model was based on
characteristic peaks and troughs as well as vague seasonal fluctuations. The SST signal
for the Lau Lagoon coral could be enhanced by running repeats of the samples.

5.2.2 Sources of uncertainty from the instrumental dataset
The use of instrumental datasets come with internal errors that can be transposed into the
calibration equation. The IGOSS v2 instrumental dataset combines both in situ data and
satellite derived observations from AVHRR (advanced very high resolution radiometer).
The in situ data comes from observations from ships combined with moored and drifting
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buoys. Errors from the TAO/TRITON buoy arrangement vary per individual buoy,
however random error is usually smaller than 0.5°C (Reynolds et al., 2002). The satellite
based observations from AVHRR come with their own errors. For the Lau Lagoon region
a prominent issue would be cloud contamination. As the satellites cannot get a reading of
the SST through the clouds, and ‘cloud contamination’ can cause a negative temperature
bias to the SST observations. To mediate cloud contamination, satellite drift and sampling
frequency errors from the AVHRR component, IGOSS SST datasets are adjusted against
in situ data (Reynolds et al., 2002). Therefore it is unlikely but still possible that error
could present itself in the IGOSS dataset.

5.2.3 Sources of uncertainty from the coral growth
The coral growth itself can impact the fidelity of the Sr/Ca-SST relationship. Potential
sources of error from the coral growth are diagenesis, vital effects and Sr heterogeneity.
The coral was screened for diagenesis (Chapter 3.5) and concluded that diagenesis in the
Lau Lagoon corals is insignificant (Figure 12).
Vital effects
Vital effects (Chapter 2.3) are often heralded by inter-colony variability which can be
identified by comparing Sr/Ca-SST calibration slopes. Sr/Ca-SST slopes from the same
site have been seen to vary between -0.04 – -0.11 mol-1°C-1 (Corrège, 2006; Sinclair,
2015). However, the Sr/Ca-SST calibrations slopes from the Lau Lagoon coral compare
very well together differing by a very small amount, -0.001 mol-1°C-1. To gauge if vital
effects could be the cause of the low correlation with Sr/Ca-SST and the regional SST
two options were identified.
1.) Analyse the other Lau Lagoon modern coral Sr/Ca-SST and compare and
evaluate their ranges of calibration slopes.
2.) Assess other trace elements and isotopes such as Ba/Ca, Mg/Ca and δ18O to see
how those trace elements and isotopes fluctuate. This could also be further
explored by factoring in the Rayleigh fractionation of Sr/Ca alongside other trace
element/Ca ratios (Chapter 2.3).
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Sr heterogeneity
It has been documented that Sr is quite heterogeneous within coral aragonite when
measured at high resolution (Allison et al., 2001). LU024-1A, the northern coral, was
sampled at a monthly resolution, however LU009-3A1 (the southern coral) was sampled
at a biweekly resolution. The first two years of LU009-3A1 could have been sampled at
an even higher resolution given the larger extension rate of those years (Chapter 3, Figure
11). Therefore it is possible that the measured Sr/Ca are also recording an element of this
heterogeneity and not just solely the temperature dependent Sr/Ca. Evidence for this is
the lower correlation that the higher resolved LU009-3A1 has with the IGOSS SST
compared to the lesser resolved northern sample. In addition to this, the seasonal
oscillations in both cores are vague and at times peaks and troughs occur out of time with
their associated seasonal normal (Figure 24). Again, the lack of a strong seasonal signal
is seen more in the higher resolved southern sample, LU009-3A1, than the less higher
resolved northern sample, LU024-1A. However, averaging the samples to monthly
resolution likely smoothed out any Sr heterogeneity (McGregor 2020, pers. comm.,
unpublished data). Measurement of the coral aragonite heterogeneous strontium due to
high resolution sampling could be resolved by measuring Sr/Ca in additional Lau Lagoon
corals.

5.2.4 Local environmental factors
Upwelling can be induced when an offshore wind and Ekman transport draws warm
surficial waters offshore to be replaced by deeper cooler waters (Tomczak and Godfrey,
2002). For Lau Lagoon, an offshore wind would come from the west. The wind data
(Chapter 4) has shown that north-westerly winds frequently occur in the austral summer
which could enable upwelling to occur. The tidal data has suggested that Lau Lagoon is
likely well mixed with the open ocean. However, for an upwelling signal to contribute to
the monthly resolved Sr/Ca-SST it would have to have a substantial, at least weekly,
residence time in the lagoon. Whether upwelling is occurring in Lau Lagoon could be
assessed by comparing wind direction and the strength of the wind data from the
TAO/TRITON buoy to the Lau Lagoon Sr/Ca-SST. However, the TAO/TRITON record
has inconsistent and missing data making direct comparison to the Lau Lagoon Sr/CaSST difficult. Local upwelling could be further examined by the following:
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1.) Assessment of the wind direction, strength and the coral Sr/Ca-SST from more
consistent in situ wind data, e.g. other buoys in the TAO/TRITON arrangement.
2.) Analytical assessment of Ba/Ca ratios which have been linked to upwelling
events.
However, caution is recommended in analysis of Ba/Ca from the Lau Lagoon corals.
Although Ba/Ca has been used successfully as an upwelling proxy in New Caledonia
(Montaggioni et al., 2006). There could also be another source of Barium entering the
lagoon via runoff events. Malaita is comprised of basalts from the Ontong-Java plateau
(Chapter 2.3) and basalt often compositionally includes Barium (Nicholls and Islam,
1971).

5.2.5 Lau Lagoon Sr/Ca Calibration
The calibration equations of the north and south coral specimens compare well together
with the intercept differing by 0.009 mmol/mol and the slope by -0.001 mol-1°C-1 (Table
4.2). Despite several sources of possible uncertainty, and based on the similarity of the
Lau Lagoon calibration equations to each other, the mean of the two Lau Lagoon
equations was produced to provide a site specific Lau Lagoon calibration equation of:
Sr/Ca = -0.045 x SST + 10.14.
It is acknowledged that this calibration equation for Lau Lagoon is based on two samples
and that this calibration equation would be more representative by analysis of the other
modern coral samples from Lau Lagoon.

5.2.6 Combined Lau Lagoon calibration and comparison to southwest
Pacific coral calibrations
The calibration equations for the individual Lau Lagoon corals, and the combined
calibration, were evaluated by comparing the corals to each other and to other available
calibration equations from the wider southwest Pacific (Figure 25, Table 5.2). The Lau
Lagoon calibration equation differs from the Corrège (2006) equation being lower in
intercept and shallower in slope. However, the Lau Lagoon calibration compares better
to an average of calibration equations from the southwest Pacific that were combined
(Table 5.1; Figure 25). The similarity between the Lau Lagoon calibration to the
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southwest Pacific calibration suggests that the Lau Lagoon calibration equation is
appropriate for the southwest Pacific region. The variance in Sr/Ca-SST that the
calibration curve produce and the need for more data is a well-established discrepancy in
this field.

Table 5.2 Comparison of Calibration Equations
Source
LU024-1A (North)
LU009-3A1 (South)
Average of Lau Lagoon coral
Mean Southwest Pacific (Figure 25)
Corrège, 2006

y-intercept
(mmol/mol)
10.18

Slope (mol-1 °C-1)

10.09
10.14
10.48

-0.045
-0.044
-0.045
-0.056

10.553

-0.061
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Figure 24 Top: Plot of available Sr/Ca-SST calibration equations for the SW Pacific for 22° and 30° with
Lau Lagoon specimens shown in red and orange. Bottom: Available Sr/Ca-SST calibration equations
showing the reference, species, location and the intercept and slope values from the equation. The average
of the equations is shown in the bottom right corner.
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5.3 Lau Lagoon luminescence: Identifying a runoff signal
Luminescent lines formed by runoff events are characterised by bright lines in the UV
image and luminescence units that show a peak and then a tail (Chapter 2.3). The nature
of the luminescent lines in the UV image from both corals suggest they represent runoff
events with LU009-3A1 having a weaker signal than LU024-1A (Lough 2020, pers.
comm.). The luminescence units for the northern core, LU024-1A, interpolated 7 years
from 2016 -2009 with five years, from 2016 – 2013 and 2010 considered as a runoff event
based on their intensity and the presence of a tail. The southern core, LU009-3A1 had 7
years of interpolated luminescence units from 2014 – 2007. During this time no
luminescence peaks were intense enough to be regarded as a runoff signal. Although
visible luminescence lines are seen in the UV image in the older years of the core (<2008)
likely to be runoff events (Lough 2020, pers. comm.). The northern sample, which is
further inshore, records higher luminescence values than the southern sample which grew
on the reef crest (Figure 26). This is consistent with other corals have shown a relationship
between luminescence intensity and distance to the runoff source (Lough et al., 2002).
Despite the lack of intense luminescence peaks from 2014 - 2007 in LU009-3A, there is
a notable similarity between the luminescence units in both the northern and southern
corals (Figure 26). At times the Lau Lagoon luminescence has shared peaks and shared
amplitudes, for instance the marked trough in 2013. An OLS regression between the
overlapping years of 2014 – 2009 has an R2 of 0.5 (Figure 26). However, both of the cores
were interpolated based on luminescence troughs occurring in the winter and as such this
interpolation process could be the cause of the similar pattern in luminescence units and
moderate correlation. To assess if this correlation is an actual shared lagoonal-wide
luminescence input or an interpolation artefact, the annual ranges of luminescence are
compared. The annual ranges show a mild agreement until 2013 when the annual trends
begin to oppose one another (Figure 26). Based on the similarity in the annual ranges it
is suggests that there is a lagoonal-wide input and that due to the growth of the southern
coral on the more hydrodynamically active reef crest, the water column was flushed out
more readily during runoff events causing the weaker runoff signal to be recorded in the
southern core. However, only six years of data is represented and more data is required
to further assess runoff events. This could be achieved by analysis of the other modern
corals in Lau Lagoon and δ18O analysis to pick up finer scale rainfall events.
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5.3.1 LU024-1A Runoff Signal
To see if there is a linear relationship between SST and rainfall an OLS regression and ptest between IGOSS SST, LU024-1A Sr/Ca-SST and LU024-1A luminescence was
produced for the years between 2016 - 2013. An extremely weak (R2 = 0.04) but
significant relationship (p = <0.01) was found between the luminescence and Sr/Ca-SST.
A higher correlation was provided by IGOSS SST and luminescence (R2 = 0.4, p = <0.01;
Table 4.4). This significant, moderate and positive correlation suggests that rainfall
occurs more during warmer SSTs, likely in summer which is fitting with monsoon related
rainfall in the summer.
Interestingly, in almost all years in the northern coral luminescence, two peaks are seen,
one in austral summer followed by another, often less intense peak during austral spring.
This indicates that a minor rainfall event also occurs toward the end of austral spring
(September, October and November). In September, the WPWP starts to expand and
migrate north (Appendix 1). After the WPWP begins to expand, at the start of the wet
season (November) the SPCZ becomes more active and the ITCZ shifts south closer to
the Solomon Islands (Appendix 1). The rain seen in austral spring could indicate an earlier
activation and shift of the SPCZ and ITCZ in austral spring possibly related to the growth
of the WPWP.

5.4 Density
Density measurements with SST values were observed to see, if like other corals, there is
a seasonality to the Lau Lagoon coral density bands (Chapter 2.3). For example, the high
density bands that form during the summer in the Great Barrier Reef (Reed et al., 2019).
No significant relationship was found between the coral density and the Sr/Ca-SST. This
could be due to sampling in different regions of the core. Although the coral growth itself
and laboratory procedures may also have contributed to the lack of significance in this
relationship. In LU024-1A, the northern core, an anomalous low density growth occurs
in the densitometer track at 6 cm to 8 cm (Chapter 3, Figure 11; Chapter 4, Figure 18).
Furthermore, the top 4 cm of LU009-3A1 was hampered due to glue on the surface. The
relationship between IGOSS SST dataset and the density of each core was also produced.
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The density in LU024-1A had a significant relationship with IGOSS SST but a very low
correlation (R2 = 0.04, p = 0.02; Chapter 4.2.3) and LU009-3A1 had an insignificant
relationship. Again, this could be due to limitations from laboratory measurements and
coral growth. However the Lau Lagoon core x-radiographs do show density banding with
one light and one dark band (Chapter 3, Figure 11). It is possible that these bands are
developed seasonally and this could be proven by analysis of the replicate core of LU0093A2 (the other half of LU009-3A1, Chapter 3). It is recommended that Sr/Ca and density
are measured in the same place of this core as it is unhindered by glue and no anomalous
density zones are seen on the x-radiograph (Chapter 3, Figure 11).
Given the on-axis sampling of the years between 2016 – 2013 in the northern core,
LU024-1A were assessed. For these years, there was an insignificant relationship existing
between the coral Sr/Ca-SST and density. However IGOSS SST and density showed that

Figure 25 Top: Comparison of northern coral, LU024-1A (red) and southern coral, LU009-3A1 (blue)
luminescence units. Bottom left: OLS linear regression between LU024-1A and LU009-3A1 (R2= 0.5).
Bottom Right: Comparison of the annual ranges of LU024-1A and LU009-3A1 from 2009 – 2014.
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they have a weak and significant positive relationship (p=<0.01, R2 = 0.2). This suggests
that there is a weak trend of higher density forming during warm SSTs.

5.5 Climate Setting derived from Lau Lagoon Coral Records
To analyse the climate setting from the Lau Lagoon coral geochemistry, the Sr/Ca-SST,
luminescence and density for LU024-1A and LU009-3A1 were compiled and compared
to IGOSS SST (Figure 27 and Figure 28). Although there was no consistent interannual
cycle between IGOSS SST and the Lau Lagoon geochemistry (Sr/Ca-SST, luminescence
and density) at a seasonal scale there is an explainable congruence through the records.
Throughout the 12 years there are notable times when Lau Lagoon Sr/Ca-SST coral does
represent the regional signal. This is further explored through focusing on the known
2015/2016 El Niño event, a 2014 flood event alongside the 2010/2012 La Niña event.

Figure 26 A four layered graph showing IGOSS SST, LU024-1A Sr/Ca-SST, LU024-1A
Luminescence and LU024-1A Density (descending in that order).
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Figure 27 A four layered graph showing IGOSS SST, LU009-3A1 Sr/Ca-SST, LU009-3A1
Luminescence and LU009-3A1 Density (descending in that order).

5.5.1 The 2015- 2016 El Niño event in Lau Lagoon coral records
Due to its location in the WPWP, interannual SST variability in Lau Lagoon is potentially
sensitive to ENSO events (CSIRO, 2011a). Based on the wider scale changes in the
southwest Pacific (Chapter 2.2), during an El Niño event Lau Lagoon would experience
cooler than average SSTs, higher air temperatures from a decrease in cloud cover, and
delayed rainfall until late austral summer (CSIRO, 2011a). The reduced and delayed
rainfall occurs due to the delayed onset of the WPM caused by a northeast migration and
weakening of the SPCZ caused by the contraction of the WPWP. In 2015 – 2016 a known
El Niño event occurred and during March 2015 and the MJO was in a convective phase
6 (Nakano et al., 2017). The Lau Lagoon coral Sr/Ca-SST and the luminescence from
LU024-A (the northern core) are used to investigate the corals responsiveness to ENSO
events and the MJO.
The northern coral, LU024-1A, Sr/Ca-SST and the IGOSS SST show a similar SST signal
for the austral summer and austral winter in both 2015 and 2016 (Figure 27 and Figure
28). During September – October, 2015 below average rainfall was recorded in the
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southwest Pacific (BOM, 2020a). This was recorded in the luminescence peaks from
LU024-1A. This lack of runoff could indicate the northeast shift of the SPCZ during El
Niño events. Furthermore, IGOSS SST and LU024-1A Sr/Ca-SST track a drop in
temperature. This could be interpreted as a sensitivity to the anomalous low SSTs that
occur in the southwest Pacific during an El Niño event. This shows that the northern coral
is receiving a temperature and runoff signal of the 2015 El Niño event. However the
enhance rainfall from the MJO event that occurred in March 2015 is not recorded in
LU024-1A Luminescence. This could be caused by the averaging involved in the
interpolation, which would potentially average out the 30 – 60 day MJO event. To pick
up the more fine-scale rainfall signature δ18O analysis is recommended.
The southern sample, LU009-3A1, shows temperatures starting to rise in December, 2014
but shows low Sr/Ca-SST throughout the rest of the austral summer in 2015 and also in
2016. One possible mechanism for this could be due to local upwelling caused by a northwesterly, offshore breeze. LU009-3A1, the southern core, was on the reef crest and closer
to the source of upwelling. The presence of this cooler signal in the southern core and not
the northern suggests that this is a very localised upwelling event, not a lagoonal wide
upwelling event. This hypothesis cannot be verified by the TAO/TRITON buoy array as
wind data is unavailable for this time period. Alternatively, as discussed earlier in this
chapter, it is possible that the southern coral Sr/Ca-SST may have been influenced by
growth effects and sampling errors.
In Summary, The 2016/2016 intra-annual SST and rainfall is tracked by the LU024-1A
Luminescence and Sr/Ca-SST alongside with IGOSS SST. LU009-3A1 does not share a
similar SST signal. A possibly causing the different SST in LU009-3A1 could be
localised upwelling or the Sr/Ca signal could also be influenced by sampling or growth
effects. Analysis of the other modern coral in Lau Lagoon could provide more insight
into the Lau Lagoon Sr/Ca-SST relationship during El Niño events.

5.5.2 The 2014 flood event in Lau Lagoon coral records
In early April, 2014 a flash flood event was documented in the Solomon Islands caused
by a tropical depression. The rainfall gauge in Honiara recorded over 732 mm of rain
between April 1st and April 4th (SIG, 2014). A notable high luminescence peak in LU02467

1A is attributed to April 2014 that corresponds to the runoff event (Figure 27). A
luminescence peak in the southern sample, LU009-3A1 is less sensitive to the influx of
rainfall. This could be due to higher swells on the reef crest causing the water column to
be more actively flushed out. The Lau Lagoon Sr/Ca-SST or regional IGOSS SST do not
reflect a change in temperature due to this rainfall event. This is not surprising given the
short duration of the rainfall event.

5.5.3 The 2010 – 2012 La Niña event in Lau Lagoon coral records
During 2010 and 2012 a La Niña event occurred in the Pacific Basin. As mentioned in
Chapter 2.1, during a La Niña event the southwest Pacific receives warmer than average
SST, cooler air temperatures from a lack of direct insolation by cloud coverage and an
increase in rainfall. During 2010 the Lau Lagoon corals closely do not closely resemble
the IGOSS SST data. The Lau Lagoon Sr/Ca-SST overall shows smaller amplitudes than
is covered by the IGOSS SST and different timing of peaks and troughs. LU024-1A and
LU009-3A1 show a rise in SST during the winter trough shown by IGOSS. However,
luminescence in LU024-1A does show a peak associated with a runoff event in 2010. The
Lau Lagoon Sr/Ca-SST matches well with the regional IGOSS SST throughout 2011,
especially during the temperature trough during austral winter. The Lau Lagoon coral
show less sensitivity to record SST variation during the 2010/2012 La Niña event. Onaxis luminescence and δ18O analysis are recommended to assess the more distinct rainfall
signature of a La Niña event.

5.6 The Potential of Lau Lagoon to Trace Climate
In Summary, the Lau Lagoon corals show an ability to be able to trace major climate
events as a temperature proxy and a rainfall proxy. The Lau Lagoon Sr/Ca-SST has a
weak but significant relationship to IGOSS SST. However, the Lau Lagoon Sr/Ca-SST,
especially the northern core (LU024-1A) does track a regional signal from the 2015/2016
El Niño event and to a lesser extent the La Niña event. The northern coral tracked the
2015/2016 El Niño in both temperature and rainfall. However, the southern core did not.
A 2014 flood event was recorded well in the luminescence from LU024-1A, the northern
coral. The ability for Lau Lagoon coral to record 2010/2012 La Niña event is patchy, with
the Lau Lagoon coral better representing 2011 and 2012 better than 2010. Again, the

68

northern coral LU024-1A better receives this signal better than the southern core LU0093A1. As mentioned in Chapter 2.1, no two El Niño events or La Niña events are the same
so how the coral responded in to the 2015 El Niño and 2010/2012 La Niña could not be
used as an overall ENSO signal.
The minor peaks in luminescence during austral spring in the northern core (LU024-1A)
could be tracking an earlier activation of the SPCZ. The ocean currents near Malaita
suggest that during austral spring the water source to Lau Lagoon is directly from the
SEC (Chapter 2.2.1; Appendix 2). The direct flow of warm water into Lau Lagoon could
enhance the chance of rainfall in austral spring. The relationship between warm SST and
runoff events has been shown by the significant relationship (p = <0.01) and moderate
positive correlation ( R2 = 0.4) between the IGOSS SST and LU024-1A luminescence and
to a lesser extent the weak but significant relationship between LU024-1A Sr/Ca-SST and
luminescence ( R2 = 0.04, p = <0.01). Further evidence for this is the lack of a peak in
austral spring for 2015 during the El Niño event (Figure 27). The decrease of wind
strength from the southeast trade winds would cause a weakening and displacement of
the SEC which would reduce the direct input of warm waters and potential rainfall.
The Lau Lagoon signal could be refined by the following.
1. Repeat Sr/Ca analysis on LU024-1A and LU009-3A1
2. Analysis (including repeats) of the other modern corals, LU032 and LU023
3. On-axis luminescence and density readings of the Lau Lagoon corals
4. δ18O analysis to pick up finer scale rainfall events and to assess the more distinct
rainfall signature of ENSO events and SPCZ movements.

5.6.1 The Collective potential of Lau Lagoon corals and other southwest
Pacific corals to investigate climate cogs
The Lau Lagoon Sr/Ca were compared to available published Sr/Ca from the southwest
Pacific and specifically corals available in the SPCZ region (Figure 29 and 30). It is
acknowledged that there are many more studies that analyse different proxies in the
southwest Pacific, however only available and modern Sr/Ca values are assessed here.
Namely, Sr/Ca-monthly SST records from Butaritari, Kiribati (Carilli et al., 2014), Sabine
Bank, Vanuatu (Lawman et al., 2019) and Amèdèe Island, New Caledonia (DeLong et
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al., 2012). Annual Sr/Ca coral records were extracted from Sauvusavu, Fiji (Linsley et
al., 2006) and Ha’afera Island, Tonga (Wu et al., 2013). The composite of coral records
highlights the appropriateness of the location that the Lau Lagoon corals occupy.
Furthermore it confirms that Lau Lagoon is within the WPWP and the paucity of other
available Sr/Ca records from the WPWP (not including those that feature diagenesis or
those that grew in unusual habitats). The more geographically and temporally consistent
records produced in the southwest Pacific will increase the understanding of the
relationship of coral geochemistry with sea surface conditions. The Lau Lagoon corals
add to the southwest Pacific records and provide a more regional open ocean climate
signal from the Solomon Islands.

Figure 29 Map of the southwest Pacific with the locations of the Sr/Ca-SST datasets.
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Figure 28 Sr/Ca-SST from available published data in the southwest Pacific. The panels are organised latitudinally
with the top grid representing the northmost latitude. The Sr/Ca- SST records from top to bottom are in the following
order: Butaritari, Kiribati (Carilli et al., 2014), LU024-11 Lau Lagoon, Solomon Islands (This study), LU009-3A1 Lau
Lagoon, Solomon Islands (This study), Sabine Bank, Vanuatu (Lawman et al., 2019), Sauvusavu, Fiji (Linsley et al.,
2006), Ha’afera Island, Tonga (Wu et al., 2013) and Amèdèe Island, New Caledonia (DeLong et al., 2012). The Kiribati
coral has a bimonthly resolution, the Sr/Ca-SST from Fiji and Tonga is at an annual resolution, the rest are all monthly
resolved.
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CHAPTER 6. CONCLUSION
This project investigated whether modern corals that grew in Lau Lagoon, Solomon
Islands could be used to track the modern climate, in order to use fossil corals to extend
instrumental climate records from the region. The study began by using available
instrumental data to assess what the regional signal near Lau Lagoon would be like. Then,
the coral geochemistry was analysed and the coral climate signal within interpreted.
Although instrumental climate data is available from the Solomon Islands, this is
predominately based on data from Honiara, which may be in a microclimate (CSIRO,
2011a). In contrast, the tide, wind, bathymetry and IGOSS SST grids from Lau Lagoon
show that the lagoon is representative of an open ocean setting: the winds vary seasonally
reflecting the broad southeast trade winds during the dry season and the northwest
monsoon during the wet season. The tide data available from Honiara suggests that
Honiara is disconnected from the wider open ocean tidal signal, whereas the Lau Lagoon
tides are consistent with the tidal patterns of other east facing sites in the region and
further afield. The IGOSS SST data for the closest open ocean grid square compares well
to other IGOSS grids up to 8°E longitudinally (770 km), and has a significant relationship
(p = <0.01) with the NINO4 and NINO3.4 SST grids. As such the Lau Lagoon IGOSS
grid was considered representative of a regional signal. The IGOSS SST show
temperatures ranging between 28.4°C and 30.7°C. The IGOSS SST data confirms that
the region near Lau Lagoon is within the WPWP with SST between 2018 and 2006
consistently above 28°C.
Sr/Ca analysis of the two Lau Lagoon corals showed that they spanned the period from
2018 to 2006. Comparison of the Sr/Ca-SST with the IGOSS SST showed that the coral
Sr/Ca-SST has less well-defined seasonal oscillations. However the Lau Lagoon Sr/Ca
has a weak but significant relationship with the regional IGOSS SST (p = <0.01, R2 = 0.23
and p = <0.01, R2 = 0.32). There were four possible sources of uncertainty that could
explain the low correlation 1) analytical uncertainty from the Sr/Ca measurement and
analysis, 2) uncertainties related to the instrumental dataset, 3) an anomalous coral record
as a result of vital effects and Sr heterogeneity, and 4) local environmental factors. Each
of these issues could be further explored by repeat analysis of the Lau Lagoon corals and
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analysis (including repeats) of the other available Lau Lagoon modern coral. In addition,
other trace elements and isotopes such as Ba/Ca and δ18O could be analysed to see how
those trace elements and isotopes fluctuate and further refine the understanding of the
local environment.
The two modern corals had very similar Sr/Ca-SST calibration equation. Therefore, a
site-specific calibration for Lau Lagoon was developed:
Sr/Ca = -0.045 x SST + 10.14.
The Lau Lagoon calibration was compared to other existing calibrations from the
southwest Pacific. The calibration equation for Lau Lagoon Sr/Ca-SST fits with previous
existing calibration curves for the southwest Pacific.
The luminescence lines present in the both the northern and southern UV images suggest
that the Lau Lagoon coral record runoff events. However, due to off-axis sampling and
the presence of araldite glue on the surface, only five years, 2016 to 2013 and 2010, in
LU024-1A (the northern coral) were quantitatively assessable using luminometer
measurements. For the 4 years preceding 2016 in the northern coral it is likely that runoff
occurs during warm SSTs due to the weak but significant positive relationship between
Sr/Ca-SST and luminescence (R2 = 0.04, p = <0.01; Table 4.4) and the improved
moderate correlation between the IGOSS SST and luminescence (R2 = 0.4, p = <0.01;
Table 4.4).
No relationships were found within the Lau Lagoon Sr/Ca-SST and density. However,
this could be due to anomalous low-density growth habits in the northern coral. A very
mild relationship was seen with the northern sample density and IGOSS SST (R2 = 0.04,
p = 0.02; Chapter 4.2.3). This suggests that high density bands may form in the summer.
Analysis of density and Sr/Ca-SST in the same location is recommended in the other
modern cores to further develop on this relationship.
Despite the limited data, within these four years of luminescence a known flood event in
2014 was recorded, as was drier conditions that would be expected in the 2015/2016 El
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Niño, and high rainfall in 2010, during the 2010/2012 La Niña. On-axis luminescence
readings would produce a more insightful runoff interpretation as would supplementing
the results with δ18O analysis to pick up finer scale rainfall events.
The Sr/Ca-SST and luminescence from the Lau Lagoon coral have an ability to track
wider climate ‘cogs’. The combined luminescence and Sr/Ca-SST showed a sensitivity
to the 2016/2016 El Niño event but less sensitivity to the 2010/2012 La Niña event. The
Lau Lagoon luminescence tracked both ENSO events alongside a flash flood event in
2014. The Lau Lagoon coral fills a temporal and spatial gap when considered with other
southwest Pacific Sr/Ca-SST. Analysis of the Lau Lagoon δ18O alongside published
speleothems from the Solomon Islands and the wider southwest Pacific would enhance
SPCZ-based interpretations. This study has shown that Lau Lagoon is a useful location
to analyse the WPWP and ENSO. Refinement of the coral geochemistry and δ18O analysis
could enable SPCZ reconstructions.
As the atmosphere continues to change due to anthropogenic inputs and the WPWP
continues to expand, the future behaviour of the movement, timing and interactions of
ENSO, SPCZ and MJO remain unknown. This study has proven the use of Lau Lagoon
to study these climate cogs and the potential for the corals to reconstruct past climate,
particularly rainfall, and to a lesser extent SST. Further investigations on the Lau Lagoon
coral is warranted to provide invaluable information about the past, present and future
behaviours of these climate cogs.

6.1 Future Research
- Analysis of the other two modern corals both with Sr/Ca to see how they contribute
to the Lau Lagoon calibration equation and wider southwest Pacific calibrations.
- Luminescence measurements of the other modern coral samples to analyse
luminescence ranges and potential runoff amounts related to ENSO/SPCZ dynamics
- δ18O analysis to infer the relationship between rainfall with Sr/Ca and luminescence
in the WPWP and the relationship to ENSO events, movements of the SPCZ and the
MJO
- Analysis of other Trace Elements/Ca to produce a Rayleigh fractionation to assess
the potential of vital effects on Sr/Ca by the coral polyp
74

- After analysis of the other modern corals, analysis of the 51 fossil cores, after
diagenesis screening.
- Use of modern and fossil cores to track WPWP expansion/contraction and SPCZ
movements over the last 400 years
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APPENDIX 1: INTERANNUAL CLIMATE AND WEATHER
Month
December
Wet Season
Austral Summer

January
Wet Season
Austral Summer

February
Wet Season
Austral Summer

March
Wet Season
Austral Autumn

April
Wet Season
Austral Autumn

May

Interannual Climate and Weather
• SPCZ is the strongest/most active (when WPM peaks and regional
SST are warmest)
• ITCZ lies closest to the Solomon Islands in the wet season
• SPCZ rainfall maximum shifts south
• SPCZ is the strongest/most active (when WPM peaks and regional
SST are warmest)
• ITCZ Weakens
• Slight decrease in air temperature in Honiara due to increased cloud
cover in the Wet Season
• Most rain falls as WPM is most active in the Solomon Islands which
feeds moisture into the SPCZ
• ITCZ lies closest to the Solomon Islands in the wet season
• SPCZ rainfall maximum shifts south
• Reduction of the size of the WPWP
• SPCZ is the strongest/most active (when WPM peaks and regional
SST are warmest)
• ITCZ Weakens
• Slight decrease in air temperature in Honiara due to increased cloud
cover in the Wet Season
• Most rain falls as WPM is most active in the Solomon Islands
• ITCZ lies closest to the Solomon Islands in the wet season
• SPCZ rainfall maximum shifts south
• WPWP is located at its southernmost latitude
• ITCZ Weakens
• ITCZ closest to equator
• Slight decrease in air temperature in Honiara due to increased cloud
cover in the Wet Season
• Most rain falls as WPM is most active in the Solomon Islands
• ITCZ lies closest to the Solomon Islands in the wet season
• ITCZ closest to equator
• ITCZ lies closest to the Solomon Islands in the wet season
• ITCZ closest to equator

Dry Season
Austral Autumn

June
Dry Season
Austral Winter

• In the western Pacific the ITCZ extends northwards during boreal
summer
• Very slight decrease in air temps in Honiara and Lata due to cool air
from the south
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• SPCZ shifts north
July
Dry Season
Austral Winter

August
Dry Season
Austral Winter

September

• In the western Pacific the ITCZ extends northwards during Boreal
summer when the WPM peaks
• Very slight decrease in air temps in Honiara and Lata due to cool air
from the south
• SPCZ shifts north
• In the western Pacific the ITCZ extends northwards during Boreal
summer when the WPM peaks
• Very slight decrease in air temps in Honiara and Lata due to cool air
from the south
• SPCZ shifts north
• The WPWP expands and shifts to its northernmost latitude

Dry Season
Austral Spring

October
Dry Season
Austral Spring

November
Wet Season
Austral Spring

Annual

References

• SPCZ most active in the wet season
• ITCZ lies closest to the Solomon Islands in the wet season
• Convection and heavy rainfall in the WPWP, ITCZ and SPCZ
• Air temperatures fairly constant (weak variation JJA)
• Monthly air temperatures are close to sea surface temperatures (based
on HadISST, HadISST2, ERSST and Kaplan extended SST V2)
• Further East at Lata, SPCZ is more active year round
(Lough et al., 2016), (CSIRO, 2011a), (Wu et al., 2013), (Gan and Wu,
2012)
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APPENDIX 2: OCEAN CURRENTS IN THE SOLOMON
ISLANDS

Figure 29 Ocean Currents in the Solomon Islands. Showing the location of Lau Lagoon (Red circle) and
emphasising current directions (black arrows) Source: (Melet et al., 2010)
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APPENDIX 3: ARTIFICAL ISLANDS SAMPLE LIST
List of Artificial Islands on which coral samples were collected.
15/09/18: Kwaeafou
16/09/2018: Fafoere
17/09/2018: Aneka Island
18/09/2018: Tara’ana and Aneka Island
19/09/2018: Liuna’asi, Sau’a and Adegege
20/09/2018: Sulafou
21/09/2018: Funafou and Takwai’asi
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APPENDIX 4: LU009-3A1 QANALYSERIES TIE POINTS

LU009-3A1 QAnalyseries tie points between Sr/Ca and IGOSS SST

LU024-1A QAnalyseries tie points between Sr/Ca and IGOSS SST
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